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Manufacturing  Technology 


FORWARD 


This  document  presents  information  for  the  DARCOM 
Manufacturing  Methods  and  Technology  (MMT)  Program  for 
Fiscal  Years  1980-1984.  The  projects  and  funding  levels 
for  the  out-years  are  for  planning  purposes  only  and  will 
change  based  on  technological  developments  and  revisions 
in  program  requirements.  Since  total  funding  for  these 
planned  projects  exceeds  the  projected  funds  for  the  Army' 
MMT  Program,  some  projects  will  not  be  funded  or  may  be 
slipped  to  later  fiscal  years.  HQ,  DARCOM  and  its  major 
commands  and  centers  have  the  authority  to  reprogram  funds 
to  projects  with  higher  priority,  thereby  affording  the 
flexibility  to  accommodate  new  opportunities  as  they  arise 
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INTRODUCTION 


The  MMT  Program 

The  Manufacturing  Methods  and  Technology  (MMT)  Program  serves  the  US 
Army  Materiel  Development  and  Readiness  Command  (DARCOM)  as  a  bridge 
between  research  and  development  and  production.  The  program's  primary 
aim  is  to  reduce  the  cost  of  weapons  system  acquisition  by  improving 
the  efficiency  of  manufacturing  processes  and  by  implementing  new 
technology.  Although  cost  reduction  is  a  primary  concern,  emphasis 
is  also  directed  towards  efforts  in  reducing  air  and  water  pollution, 
increasing  safety,  conserving  energy,  and  reducing  dependence  on 
critical  materials. 

The  Army's  production  needs  span  the  full  range  of  modern  technology 
from  the  high  speed  production  of  millions  of  small  arms  rounds  to  the 
forging  of  turrets  for  fifty-ton  tanks  to  the  production  of  integrated 
circuits.  Product  testing,  material  handling,  and  computer-aided  design 
and  manufacturing  all  fall  within  the  scope  of  the  MMT  Program. 

The  MMT  Program  Plan 

This  document  is  an  attempt  to  provide  within  a  single  source  a 
summary  of  current  and  near-term  efforts  included  in  the  DARCOM  MMT 
Program.  Since  weapons  systems  requirements  and  the  technology  for 
these  systems  are  constantly  changing,  inclusion  in  the  Program  Plan 
is  not  a  guarantee  that  an  individual  project  will  be  funded.  However, 
the  Plan  does  serve  as  an  indicator  of  the  areas  towards  which  DARCOM' s 
resources  will  be  directed  and  the  magnitude  of  the  Army's  commitment 
to  this  program. 

Organization  of  the  MMT  Program  Plan 

The  Plan  provides  a  section  for  each  DARCOM  element  which  has 
projects  in  the  FY  80-84  period.  Each  section  includes  a  summary  of 
the  activity,  its  responsibilities,  and  its  major  MMT  thrust  areas. 
Following  this  summary  is  a  listing  of  each  project  proposed  by  that 
activity. 

Individual  project  information  is  presented  by  the  last  four  digits 
of  the  project  number  and  includes  the  project  title,  funding,  a  brief 
description  of  the  problem  addressed  by  the  project  and  the  proposed 
solution.  Projects  are  grouped  according  to  broad  categories  and 
then  further  subdivided  according  to  component.  This  arrangement 
points  out  major  areas  of  emphasis  and  aids  the  identification  of 
possible  duplication  of  effort. 


Industry  Guide 

An  Industry  Guide  (Appendix  A)  has  been  included  to  aid  in  the 
use  of  the  plan.  The  section  will  help  clarify  the  interrelation¬ 
ships  between  the  appropriations,  commands,  and  personnel  involved  in 
the  DARCOM  MMT  Program. 
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SUBMACOM  SUBMISSION  TO  MMT  PROGRAM 
BY  APPROPRIATION  (Thousands  of  Dollars) 
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US  ARMY  ARMAMENT  MATERIEL  READINESS  COMMAND  (ARRCOM) 

AND 

US  ARMY  ARMAMENT  RESEARCH  AND  DEVELOPMENT  COMMAND  (ARRADCOM) 


ARRCOM,  with  headquarters  at  Rock  Island,  IL,  is  responsible  for 
integrated  logistics  (materiel  readiness)  management  of  nuclear  and  non¬ 
nuclear  weapons  and  munitions.  This  includes  follow-on  procurement, 
production,  engineering  in  support  of  production,  industrial  management, 
product  assurance,  material  management,  maintenance,  value  &  logistics 
engineering,  international  logistics,  and  transportation  and  traffic 
management  for  assigned  armament  systems/materiel. 

ARRCOM' s  materiel  assignments  include  artillery,  infantry,  air 
defense  guns,  surface  vehicle  and  aircraft  mounted  weapons  systems, 
rocket  and  missile  warhead  sections,  demolition  munitions,  offensive  and 
defensive  chemical  materiel  and  related  training  equipment,  test  equip¬ 
ment,  and  tools.  ARRCOM  directs  operations  of  four  assigned  arsenals, 
three  Government-owned,  Government-operated  ammunition  plants,  twenty- 
eight  Government-owned,  contractor-operated  (GOCO)  ammunition  plants,  and 
an  Army  ammunition  activity.  ARRCOM  is  the  DOD  Single  Manager  for  Conven¬ 
tional  Ammunition.  In  this  capacity,  it  has  responsibility  for  pro¬ 
curement,  production  and  wholesale  management  of  common-user  con¬ 
ventional  ammunition  for  the  Army,  Navy,  and  Air  Force. 


ARRADCOM  is  responsible  for  all  research  development,  and  life 
cycle  engineering  including  manufacturing  methods  and  technology 
engineering  of  assigned  weapon  systems.  Its  mission  also  includes 
initial  low-rate  production  for  conventional  systems  and  life  cycle 
procurement  and  production  for  nuclear  munitions.  ARRADCOM  also 
executes  assigned  missions  in  support  of  other  DOD  elements  having 
centralized  management  responsibility  for  specific  weapons  systems 
or  items.  In  addition  to  large-caliber,  small-caliber,  mission 
support  and  headquarters  staffs  at  Dover,  NJ,  command  elements  include 
the  Chemical  Systems  Laboratory  and  the  Ballistics  Research  Laboratory 
at  Aberdeen  Proving  Ground,  MD,  and  Benet  Weapons  Laboratory  at  Water- 
vliet,  NY. 


Integrated  into  ARRCOM 's  structure  is  the  Office  of  the  Project 
Manager  for  the  Munitions  Production  Base  Modernization  Agency.  The 
PM  is  responsible  for  project  management  of  the  Munitions  Production 
Base  Modernization  Program.  The  PM  exercises  centralized  management 
authority  over  the  planning,  direction,  control  and  execution  of  the 
Program  at  all  US  Army  Ammunition  Plants  and  arsenals.  A  significant 
amount  of  interface  between  the  PM,  ARRCOM,  ARRADCOM,  Air  Force  and 
Navy  is  necessary  to  assure  integration  of  the  MMT  Program  into  related 
modernization  plans. 
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Bridging  the  technology  gap,  particularly  in  those  areas  that  have 
no  civilian  counterpart  is  a  challenging  task  for  the  Ammunition  MMT 
Program.  In  many  respects,  the  Ammunition  program  presents  unique 
problems  which  require  innovative  solutions.  For  example,  material 
handling,  process  tools  and  inspection  systems  must  be  computerized  to 
achieve  the  desired  operating  economics  and  to  decrease  expensive  direct 
labor;  however,  the  new  systems  must  also  be  capable  of  economic  layaway 
for  periods  of  ten  years  or  more,  a  situation  that  is  rare  in  private 
industry.  Computer  manufacturers  make  provisions  for  a  few  months  of 
layaway  but  not  several  years.  This  is  the  type  of  situation  which  the 
Ammunition  MMT  program  must  address. 

The  primary  objective  of  the  munitions  manufacturing  technology 
program  is  to  improve  existing  manufacturing  processes,  techniques  and 
equipment.  The  second  objective  is  to  bridge  the  gap  between  develop¬ 
ment  and  full-scale  production.  The  third  objective  is  to  solve 
technological  problems  identified  in  the  program.  Specific  functional 
areas  of  the  munitions  program  are  discussed  in  the  following  sections. 

The  Manufacturing  Methods  and  Technology  effort  in  the  Load,  Assemble 
and  Pack  area  is  guided  by  four  major  program  goals;  improved  economy  of 
operation,  improved  safety  conditions  for  operating  personnel,  establish¬ 
ment  of  a  rapid  response  production  capability,  and  improvements  in  the 
quality  of  the  end  product  produced.  All  of  these  goals  must  be  accom¬ 
plished  within  the  standards  and  criteria  established  for  pollution 
abatement  and  energy  conservation. 

Recent  changes  in  policy  and  guidance  have  required  Process  Technol¬ 
ogy  Projects  to  be  cost  effective  within  the  fr*  work  and  economics 
dictated  by  the  Five  Year  Defense  Plan  (FYDP).  •:  \s  presents  a  unique 
fiscal  management  challenge  in  the  design  and  fabrication  of  equipment 
and  systems  required  for  the  loading  and  assembly  of  components  and  end 
items.  The  challenge  is  being  met  by  developing  systems  with  the 
flexibility  to  produce  many  items,  establishing  an  optimum  balance 
between  system  simplicity  and  process  operational  requirements,  and 
providing  equipment  designs  capable  of  high  efficiency  operation  to 
achieve  cost  effective  system  operations. 

Due  to  the  inherently  hazardous  nature  of  munitions  production,  an 
extensive  program  has  been  undertaken  to  upgrade  the  safety  of  explosive 
preparation  equipment,  loading  equipment,  and  assembly  systems.  The  MMT 
program  relating  to  the  upgrading  of  the  operational  safety  of  loading 
lines  is  a  continuation  of  current  efforts.  This  program  will  define 
and  investigate  specific  operational  safety  hazards,  and  will  develop 
equipment  and  systems  to  reduce  operator  exposures  and  risks. 
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Current  planning  requires  that  in  the  event  of  mobilization,  pro¬ 
duction  facilities  be  activated  within  a  three  month  time  frame  and 
reach  maximum  production  in  four  months.  Th? s  objective  requires  that 
equipment  design,  layaway  techniques,  and  control  technology  be  oriented 
to  achieve  the  desired  quick  reaction  capability. 

Through  advances  achieved  in  automated  inspection  techniques, 
automated  loading  systems,  and  automated  assembly  systems,  the  unifor¬ 
mity  and  quality  of  the  end  product  produced  has  been  improved.  The 
munitions  MMT  program  includes  several  projects  oriented  towards  im¬ 
proving  quality  control  and  test  technology  and  others  for  the  develop¬ 
ment  of  explosive  loading  and  assembly  techniques  and  equipment. 

The  Metal  Parts  MMT  Program  has  as  its  major  thrust  investigations 
into  optimum  manufacturing  processes  for  SAWS  (Squad  Automatic  Weapon 
System),  RAAM,  GEMSS  and  GATOR,  the  120mm  Tank,  and  VIPER.  Improvements 
of  existing  processes  involves  such  investigations  as  link  manufacturing 
for  small  caliber  ammo,  machining  brass  cartridge  cases,  7.62mm  bullet 
manufacturing  by  roll  forming,  and  presses  for  motar  ammunition  pro¬ 
duction.  Projects  are  also  included  for  improving  maintainability  and 
readiness  posture  through  computer  integrated  manufacturing,  computer- 
aided  modeling  of  forming  operations,  and  storage  techniques  for  pro¬ 
duction  machinery.  Enhancing  reliability  and  quality  control  efforts 
include  analysis  for  predicting  tool  failure,  improving  projectile 
surface  quality,  and  processing  hi-frag  steel. 

Primary  program  emphasis  in  energetic  materials  is  being  placed 
on  development  of  manufacturing  technology  for  new  munition  items 
including:  120mm  (XM-1  tank  munition);  binary  round  (8",  155mm  and 

Navy  Weteye) ;  alternate  ICM  explosive  fills;  LOVA  propellants; 
plastic  bonded  explosives;  and  insensitive  high  explosives  and  pro¬ 
pellants.  Recent  enactment  of  the  Clean  Air  Act  Amendment  and  Toxic 
Substances  Control  Act  has  resulted  in  the  requirement  for  continuous  MMT 
effort  to  meet  mandatory  compliance  dates.  Conservation  of  production 
base  utilities,  energy  and  resources,  as  well  as  identification  and 
utilization  of  alternate  energy  sources  are  broad  areas  of  major  concern. 
The  development  and  design  of  safe,  cost-effective  production  processes 
are  major  goals  of  the  munitions  MMT  program.  Weak  points  in  overall 
base  readiness  capability  and  maintainability  will  be  determined  and 
upgraded  where  feasible.  In  the  supportive  technology  areas,  the 
primary  thrust  areas  continue  to  be  pollution  abatement  engineering, 
energy  technology  development  and  explosives  and  occupationed  safety. 
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PROBLEM  -  PRESENT  METHODS  OF  PRODUCING  PBX  COMPOSITIONS  ARE  JOB-SHOP  ORIENTED 
AND  UNECONOMICAL  FOR  LARGE  SCALE  PRODUCTION  PROJECTED  IN  THE  FUTURE. 
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SOLUTION  -  THE  CURRENT  BACHMANN  PROCESS  WILL  BE  MODIFIED  TO  INCREASE  THE'HMX 
YIELD  BEYONO  30  PERCENT. 


(*449)  Vfcjfcr  -  PROCESS  IMPROVEMENT  FOfl  COMPOSTITION  C-4  330  339  531 


SOLUTION  -  OEVELOP  NFG  METHODS  ♦  TECHNIOUES  FOR  PRODUCTION  OF  THICK  FILM 
HYBRID  CIRCUITRY  ON  METAL-8ASED  SU8STRATES.  THIS  INCLUDES  PROCESSES  FOR  AN 
INSULATING  LAYER  ON  A  HETAL  SUBSTRATE  AND  PROCESSING  OF  THICK  FILM  MATERIALS 
TO  FORM  ELECTRONIC  COMPONENTS. 
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PROBLEM  -  STABALLOY  CHIPS  ARE  PYROPHORIC  AND  MUST  BE  DISPERSED  IN  AN  INERT 
MATERIAL  TO  BE  OISPOSEO  OF  BY  BURIAL  AS  A  RAOICACTIVE  MATERIAL.  RECYCLING 
INTO  USABLE  METAL  WOULD  SOLVE  DISPOSAL  PROBLEMS. 


PROBLEM  -  FORGING  TOOLS  ARE  A  MAJOR  COST  ITEM  IN  SHELL  MFG.  AND  LIFE  OF  TOOLS 
HAS  A  SIGNIFICANT  AFFECT  ON  OUALITY  OF  FORGINGS  AND  END  PRODUCTS. 


FUNDING  (*000) 


SOLUTION  -  TO  DEV  *N  ALTERNATIVE  WORE  COST  EFFECTIVE  PROCESS  F/NEUTR AL I ZAT ION 
OF  NITRIC  ACIO  CAUSTICIZING  ♦  SLUDGE.  CALCIUH  HYDROXIDE  IS  A  RECOHHENDED 
ALTERNATIVE.  THE  BV-PROD  OF  THIS  REACTION  IS  CALCIUH  NITRATE.  A  RORE 
VALUABLE  PROD  THAN  SOOIUH  NITRATE. 
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SOLUTION  -  SURVEY  OF  WATER  *  CHEN  UTIL  IN  POLLUTION  APATE  FAC  BE  CONDUCTED 
IDENT  CONTROL  METHODS  TO  HINIHIZE  FLOW  *  CHEN  UTIL  ♦  REDUCE  SLUDGE 
GENERATION.  EVAL  OF  USE  OF  CONTINUOUS  NONITORS  IN  INFLUENT  EOUAL  BASIN  COULD 
HIMNI7E/0PTIHIZE  CHEN  ♦  WATER  USAGE 
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WEAPONS  PROGRAM 


The  US  Army  Armament  Materiel  Readiness  Command  (ARRCOM) ,  head¬ 
quartered  at  Rock  Island,  IL,  has  responsibility  for  MMT  projects 
on  weapons  in  full  scale  production.  ARRADCOM  is  responsible  for 
MMT  projects  for  weapons  in  development  or  initial  production.  Most 
of  the  weapons  projects  are  perfomed  through  Watervliet  Arsenal  (WVT) 
and  Rock  Island  Arsenal  (RIA) .  Tt  e  main  emphasis  of  the  weapons  >WT 
program  is  the  modernization  and  upgrading  of  operations  through  the 
REARM  program.  The  purpose  is  to  reduce  costs  and  improve  product 
quality  by  taking  advantage  of  the  advances  in  metalworking  technology. 

Many  of  the  projects  planned  for  FY80-84  at  Watervliet  Arsenal  are 
related,  in  whole  or  in  part,  to  the  handling  and  fixturing  of  cannon 
tubes  and  their  components.  Since  most  items  produced  at  Watervliet  are 
complex  and/or  require  close  tolerances,  the  setup  and  movement  time  are 
important  cost  drivers.  While  it  is  not  economically  or  practically 
feasible  to  develop  an  integrated  material  handling  system  for  the 
Arsenal,  extensive  savings  can  be  realized  through  improvement  of 
present  methods. 

A  major  cost  driver  at  WVT  is  the  machining  of  items  to  final 
shape.  Since  the  alloys  used  in  weapons  are  expensive  and  difficult  to 
work,  producing  components  close  to  final  shape  will  reduce  the  cost  and 
time  required  for  finishing.  Methods  being  explored  include  hot  iso¬ 
static  pressing  (HIP)  (7926),  and  powder  metallurgy  (PM)  (8102).  Proj¬ 
ects  are  also  proposed  to  improve  the  metal  removal  process.  High 
speed  metal  removal  is  addressed  in  three  projects  (8024,  8103,  and 
8106),  and  three  projects  are  included  to  perform  multiple  operations 
at  one  time  (8105,  7925,  and  8342).  Some  of  the  other  areas  in  the 
Watervliet  submission  include  group  technology  (7724),  computer-aided 
manufacturing  (7928),  and  finding  substitutes  for  critical  materials 
(7920). 

Cost  reductions  and  productivity  increases  in  manufacturing  continue 
to  be  the  prime  objectives  of  MMT  at  Rock  Island  Arsenal.  Because  RIA 
is  a  job-shop  organization,  administration  and  planning  overhead  is  a 
significant  cost  driver.  By  developing  an  integrated  computer-aided 
manufacturing/management  information  system  the  Arsenal  will  be  able  to 
efficiently  control  all  operations  from  receipt  of  an  order  to  delivery 
of  the  product.  Some  of  the  management  areas  addressed  include  pro¬ 
duction  scheduling  (8131),  process  modeling  (8130),  group  technology 
(7949),  performance  measurement  (8132)  and  a  computer-aided  work  measure¬ 
ment  system  (8226).  Cost  benefits  are  also  expected  from  improved 
material  handling  and  in-process  control  projects  which  are  tied  into 
the  overall  CAM/MIS  effort  at  RIA.  Efforts  in  this  area  include  robot 
loading  of  machines  (8227),  and  automated  process  control  (7707). 
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Since  RIA's  task  is  primarily  metalworking,  there  are  several 
projects  included  in  this  area.  While  all  efforts  will  in  themselves 
reduce  costs,  coupling  with  the  Arsenal's  overall  CAM/MIS  will  further 
increase  the  benefits.  Some  of  the  areas  covered  include  casting  (8231 
and  7605),  forging  (7615),  welding  (8304),  cutting  fluids  (7948),  and 
electro-chemical  grinding  (8225). 

The  minimization  of  energy  consumption  and  pollution  during  manu¬ 
facturing  is  a  national  priority  and  an  important  part  of  RIA's  MMT 
submission.  Areas  being  studied  include  heat  recovery  (7945),  non¬ 
polluting  manufacturing  processes  (8017),  and  optimized  heat  treatment 
processes  (8244).  As  anti-pollution  requirements  become  more  stringent, 
it  is  necessary  for  manufacturers  to  improve  their  environmental  pos¬ 
ture  while  maintaining  a  competitive  position  or  face  close  down  by 
economic  or  legal  factors.  Rock  Island  Arsenal's  MMT  submission  will 
correct  present  environmental  difficulties  and  help  prevent  future 
ones  so  that  the  Arsenal's  vital  defense  role  will  not  be  ieopardized. 

Improved  metalworking  methods  and  increased  use  of  computer-aided 
manufacturing  are  major  production  trends  and  the  results  of  the  pro¬ 
jects  in  this  submission  are  expected  to  hold  significant  interest  for 
other  producers,  both  Ciovernment  and  non-government.  These  projects 
will  also  be  of  importance  in  the  modernization  and  upgrading  of  the 
facilities  of  weapons  contractors,  many  of  which  are  seriously  outdated. 
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PROBLEM  -  MANY  HOURS  ARE  REQUIREO  TO  MACHINE  THE  BREECH  BLOCK  FORGING  TO  THE 
FINISHED  PART.  MORE  THAN  25X  OF  FORGING  BECOMES  CHIPS.  WITH  HIGH  COST  OF 
ALLOY  STEEL,  THIS  BECOMES  A  VERY  COSTLY  WASTE  OF  MATERIAL. 


-•  “•--  .^.V1  J.  ■ :  -  - 


_i  Ui 

o  ►- 

©  X  X 

>■ 

Ui  Ui  U 

X  UJ 

x 

-i  2  • 

1-UiX 

-«  2 

Ui  ►“  O 

2X0 

X  ut 

O  O  ui 

•  X  X 

0X6- 

»-  2 

4I< 

2  Ui 

X  X 

X  X  x 

60  UJ  U 

2  »-  O 

x  a. 

O  ac 

JUO 

a.  2  u. 

X 

x  o 

0  2  6- 

O  Ui 

ui  O  3 

U  »-  -1 

u  o 

2  0 

a.  >-  >- 

i-  uj  x 

O  J< 

©  2  u- 

U.  -1 

X  O 

69  O 

O  0.  X 

<  Li  J 

X 

X  X 

X  O  2 

I  H  H 

<3  0  0 

o  o  u* 

© 

3 

3  ui 

x 

O  O  Ui 

69  O  2 

u 

X  UJ  2 

Ui  ui 

X 

X  o 

60  2 

u. 

<MQ 

X  O  Ui 

x 

ui  • 

3  ui  X 

3 

2  2  69  a 

a  *-  u- 

© 

O  ui  u<  3 

H  H 

U.  | 

2  69  O 

© 

X  69  U 

X  ©  2 

2 

(J  UI  H  Ui 

U  X  UI 

U4 

O  X  X  69 

Ui  6- 

2 

>-  H  H* 

►-  W  X 

►4 

69  ac 

0  2 

X 

■  i  < 

U-  Ul 

u 

L.  2  ©  -j 

3  2  X 

< 

O  4  U  m 

O  X  ►* 

X 

ac  ►-  X 

>■  U  -J 

ao<H 

x  u 

X 

HI  Jtf) 

-J  »- 

© 

p  a. 

2  6- 

< 

m  o  X  X 

U  U  3 

0 

O  ►»  Ui  o 

2  2  0 

u-  u. 

Ui  O 

u. 

X  >- 

00  X  U 

o 

«  KUi 

Ui  X  69 

2  X  3  2 

a  o  x 

2 

hWOh 

X  U  M 

o 

X  69  >•  X 

X 

U4 

HU4U 

©  ui 

0  o  -j  x 

2  X  Ui 

X 

O  Ui  X 

ui  J-  X 

X 

2  O 

69  ►— 

Ui 

O  S4 

3  * 

2 

U  >“  X 

©  X 

UI 

-J  o 

1  Ul  69 

© 

1  u  uj  u 

6-  iu 

2  © 

2  X  -J 

1 

X  Li  <  69 

O  J  0 

Ui  X  P  Ui 

U&.4 

UJ 

JK  > 

X  ►- 

-1 

0  3  1-0 

3  Ui  69 

6- 

o  a  x  x 

«J  U-  UJ 

M 

ac 

o 

U» 

a. 

V) 

2 

< 

UJ 

X 

2 

Ui 

© 

X 

X 

X 

UJ 

UJ  O  UJ 

2 

X  • 

> 

X  Ni 

X 

O  2 

>-  _i 

•-I-H 

-I 

O 

-JO* 

2  -J 

ffi 

©  Ui 

♦-  >  69 

•  3  ui 

2  ►— 

2  2  X 

0  0  6- 

O 

ui  o 

UHH 

2X3 

Ui  • 

-I  3 

3  X 

M  X 

X  CO 

-J  a 

2  2  0 

©  • 

X  X 

i-i  Ui 

Ui  O 

X  ©  © 

O  3 

X  X 

W  M  M 

O  UJ  x 

X  O 

£)»-«( 

X  o  UI 

X 

O  6- 

3  X 

3  H- 

X 

2  © 

6)  X  -1 

►*  o  X 

©  O' 

X  O 

3  Ui 

©  UJ  UJ 

3  • 

o 

a  ©  uj 

X  X  X 

o  tn 

©  *v 

2  ui  *- 

3  O 

ac  u» 

-1  Ui 

©  U  M 

2  Xu. 


x  x  m 

X  Q  h- 

X 

•u  _l 

Ui  2  X 

X 

Ul 

©  u- 

o 

Ui  X 

X 

©  ►-  -J 

X  O 

© 

Ui  3 

2  X 

Ui  ©  2 

x  UJ  UJ 

o 

X  2  X 

©  UI 

3 

U  _J 

u 

Ui  UJ  o 

0  X  X 

o 

UJ  Ul 

X  »-  2 

0 

3  X 

►-  a 

X  3  ui 

0  a  h- 

x  >- 

O  U  H 

o 

>  2  Ui 

0  0  3 

Ui  2  X 

O  Ui  X 

•u 

a  > 
o 

6-  Ui 
O  X 

ui  O 

2  * 

u> 

a  o 

2  2  0 

o 

X  Ul 

-J  Ul 

2  2  3 

h  Q  U 

o  x  x 

O  O  Ui 

CM 

X  X 

©  X 

ui  x  a 

J  UJ  2 

© 

you 

XXX 

X 

■-* 

o  o 

O  *-  ui 

© 

6-  O  X 

2 

o  u 

Ui  © 

©  UJ  X 

O  X  -i 

2 

X 

2  0  0 

• 

u* 

-J  © 

o  ►»  X 

U  X  _l 

Ui 

O  -J  O 

HOh 

2 

H 

X  Ui 

X 

O  UI 

© 

ui  <  H- 

X 

Ui 

O  2 

Ui  O 

u  u  < 

6-  »-  X 

X 

X  2 

O  •  3 

Ui  Ui 

O 

X  x 

2  3 

o 

ffluM 

UJ  Ui  3 

0 

©  X 

mi  ac 

X  »-  © 

Ui  X  6- 

X 

X  X  Ui 

X  X  Ui 

3  X 

3  X 

H-  H* 

O  2 

X  2 

X  X  Q 

© 

3 

X 

X  2 

Ui  •  Ui 

u 

•  UI 

3  X  X 

X 

2  O 

mi 

O  U  UJ 

X  >-  X 

© 

Ui  ©  X 

O  © 

2 

O 

X  X 

Ui  O  © 

-J  X 

X 

X  2  O 

o  © 

X 

2  • 

o  > 

X  0  UJ 

0  0  3 

3 

X  O  X 

0  6-2 

-i 

© 

o 

H  X 

2  X  O 

-J 

ui  X 

Ui  Ui 

0 

©  X 

©  K 

O  U  • 

CD  CO  © 

O  X 
0C  •  M 


X  ©  *4 

O  © 

X 

^  *4 

X 

X 

o 

2  3  0 

-J  2  X 

©Ox 

©  2  X 

z 

6-  X 

X  X  0 

o  o  o 

X 

X  X 

X  ■  -I 

6- 

X 

Ul  O  O 

2  O  X 

X 

0-13 

O  Ul 

X  *- 

u  UJ  t 

z 

a 

X  o 

2  X  Z 

Z 

2  © 

2  0 

0  0  6- 

2 

O  2  X 

X  O  2 

© 

Ul 

Ui  O 

Ul  2  2 

o 

2  *4  2 

>  3 

3 

o  2 

X  X 

6“  ui  UJ 

X 

XXX 

a  o  q 

O 

X  o 

©  Ui  Ui 

o  X 

X 

X  o  X 

X 

2  mi  ac 

U*  X  Ui 

X 

©  O 

X  X 

X  © 

Ul  0  X 

2  UJ  O 

o 

©  ►-  X 

LfcN 

Z 

X  o 

0  0  6— 

XXX 

2  O 

2  3 

© 

©  X 

3  X 

X  X  mi 

• 

M  2 

y  y  a 

U4 

2  X 

a  a  _> 

ac  6-  a 

o 

©  2  6- 

UJW 

-J 

Ui  CC 

O  X 

3  Ui 

►H 

X  O  2 

X  H  X 

CD 

©  z 

X  2  2 

O  O  X 

-J 

0  0  3 

X  3  • 

X 

K 

X  o  o 

ui 

X 

x  o 

©  Ui 

6- 

X 

*4  Ui 

1  Ui  o 

X 

o  X 

<©23 

© 

X 

1  6-  6- 

X  Ui 

X 

»  X  X 

x  u*  a 

X 

1  X 

OIMI 

*-»  «  X  X 
H>  >  O  O 


U i  JK 

_i  00  P 

>-  o  u. 

Ui  fie 

»-  a 


"*M*I 


'~«xvsr 


u 

« 

>  X 

to 

UJ  »— 

• 

ac 

M  t-4 

CD 

u 

X  a 

z 

►— 

O 

H 

to  u 

X  to 

fr- 

3  Z 

z 

to 

O  X 

o  u 

X 

ac  *-• 

H-  -J 

O 

u  o  • 

CD 

z  ► 

CD  O 

o 

3  U  J 

Z  Z 

u 

X  □ 

»->  a. 

a. 

H  z 

z 

x 

UJ  to  u 

*-*  UJ 

X 

ac  k-  »-* 

Z  VO 

X  K 

to 

*-•3  0 

X  CM 

u  o 

3  0*-* 

-4 

X  to 

X 

a  u- 

a. 

o 

z 

UQL 

u 

o 

CD 

z  z  U 

at 

3 

UI  u 

z 

x 

«*  k- 

Z 

>  ►- 

to  to 

u  z 

M 

m  ac 

O 

CD  U  U 

>-  CD 

H- 

to  X 

3 

z  o  ac 

z 

z 

z  a.  • 

a 

*-«*-•  3 

Ui  o 

o 

UJ  X  J 

O 

to 

to  to  »- 

> 

u> 

1-  M  U 

ac 

CD 

3  Z  X 

** 

X  U 

a. 

z 

O  M  U 

u. 

u  to  *~ 

H 

X  u. 

x  to 

u. 

to 

X 

u»  to 

to  X 

o 

3 

ac  u  u 

K  O 

3  U 

O 

U  -J  to 

Z  tc 

u  to  x 

u 

X 

*-»  a.  u 

-J 

a.  to  h- 

-4 

ac  z  X 

X 

u 

CD 

ac 

a  o  h 

ouz 

X 

u 

X  o 

ac 

Z  O  M 

a. 

M 

o  u 

u 

<->  ac 

x 

ac 

U.  CD 

►— 

o  a.  o 

u 

ac 

O'  O  3 

x 

ac  z 

x 

O'  o 

K 

o  O  H 

to 

O 

^  z  o 

li.  zc 

to 

z  o  ac 

ac 

t-4  ac 

u 

u. 

*-i  CL 

to 

UJ  CD  3 

u 

o 

O  K- 

u 

ac  ac  o 

O 

Z  O  fr- 

M  O  u 

ac 

CD 

<30 

u. 

3  te.  ac 

a 

Z 

o  z 

o 

o 

m  o  z 

u  w  to 

z 

z 

00  ac  < 

o 

ac  z  y 

o 

l-H 

hlu 

z 

^  »-4 

M 

X 

Z 

to 

to  >- 

►- 

o 

u  *- 

K 

fr- 

»-  •  ac 

u 

X 

Z  X  z 

(O 

(0 

z  to  u 

3 

z 

Z  u 

X 

u  z  a. 

a 

m  z 

z 

O 

zoo 

o 

u 

m  ac  cl 

X 

OHflC 

tr 

-J 

rH  o  HH 

X 

o 

<l  to  a. 

a. 

& 

U.  3 

u 

u 

z  z 

*-* 

u  o 

u 

a. 

O  UJ  J 

x 

fr- 

X  to  u 

K 

x 

u  I  < 

-1 

*-  z 

X 

N  u 

1 

3 

o  o 

X 

to 

1  O  (-• 

Z 

1  *-*  ac 

o 

z 

Z 

t-  X 

y 

1 

Z  -4  X 

o 

1 

z  x  o 

u 

UI  X  X 

p* 

u  ac  z 

z 

u 

JZU 

H- 

u 

-J  u  X 

00 

-4 

CO  n  u 

3 

-J 

cd  a.  *- 

o  u.  z 

-J 

H- 

o  o  to 

1 

M 

ac 

o 

•-4 

ac 

1 

►- 

a. 

<0 

►- 

CL 

4* 

K 

K- 

r» 

Z 

H 

♦o 

u 

H 

N 

z 

CO 

« 

o 

** 

*■» 

*— 

Z 

» 

(D  O 

•  Z 

u 

>- 

O  UI  H 

to  • 

-4 

U  U  Z 

z  o  u 

►— 

z  x 

*-l  *-  _i 

to 

JILU 

o 

o 

X  _l 

UJ  O  I 

o 

H  z  U 

a  z 

H  <  LJ 

u 

z  o 

UI  M  to 

o  -i 

z 

»-  ►-  X 

ac  O  CD 

X 

X  3 

X  UJ  X 

cj  ac  ►- 

CO  • 

Z  -J  X 

-1  o 

*h  a. 

b-  to 

3  0  3 

UJ  3  u 

z  u 

o  a.  to 

-4  0  0 

U  to 

•J 

CD  UJ  O 

z  to 

_J  »  CD 

x  ac  x 

O  UJ 

X  UJ  z 

X 

a  z 

tD  »-H 

UJ  3  Z 

to 

z  ►- 

o  x  to 

O  O  X 

a 

o  to 

i-  to  co 

z  z 

o 

CD 

3  UJ 

►-*  CD 

X 

-1 

-J  CD 

to  z 

fr- 

z  X 

UJ  >  o 

o  a.  *- 

u 

O  3 

UJ  CD  or 

z  UJ  o 

z 

OL  a 

z  a 

X  fr-  3 

X 

to  UJ  1 

CO  O 

CD 

UJ  to 

Z  1- 

CD  O 

z 

3  U 

UJ  UJ  to 

Z  UJ  CL 

z 

X  o 

•“*  CD  0. 

z 

CD 

*-  to  CL 

-J  z 

u 

Z  UJ 

to 

J  ui  u 

o 

IX  -1 

U-  UJ  —I 

*-<3  0 

z 

Z  CD 

O  _4  x 

ac  a 

X 

UJ  X 

z 

a  ui  to 

X 

a  uj 

Z  UJ  H 

to  z 

z  z 

Ui  z  z 

ac  < 

• 

X  »-i 

►  <N 

O  UJ  UI 

u. 

X  to 

x  z 

*-  X  Z 

z 

UJ 

-J  to 

a  h 

3 

UJ  o 

UJ  o 

u  u 

to 

CD  Z 

UJ  ID  Z 

*3  UI  > 

x  3 

CD  X  X 

UI  U  M 

-J 

ta. 

X  fr¬ 

3  H- 

X 

z  h- 

it,  z  » 

U.  O  O 

z 

3  Z 

z  x  to 

O  u  u 

o 

to  x 

3  >  UI 

ac  u. 

K* 

CL 

WOK 

to  u. 

K 

It.  Z 

X  X 

to  o  u 

O  *X 

UJ  z 

U  ►- 

o 

X  UI 

U  h- 

X 

to  >- 

^  X  z 

o  to  to 

z 

o  x 

K-  O 

ac  u  o 

fr- 

o  z 

Z  *x 

a.  <o  u 

1 

X 

z  •  »- 

M 

z 

H>  O 

o  o  u 

r  uj 

o 

UJ  z 

U.  U4  3  • 

Z  o  ac 

z 

z  x 

CO  X  O  CD 

H  O'  O 

O  0.  K 

It. 

►-  » 

Z  CD  O  Z 
X  Z  Z  K4 

o 

o 

Z  ID 

z  ui  a.  z 

o  ac 

u  z 

K-  3  Ui 

U  Z  X 

o 

to  *-« 

®  a  K 

X  ^  It. 

UJ  K 

O  UJ  X 

fr—  -J 

-J 

Z  3 

K  K  X  Cfl 

-J  X 

CL 

a.  to 

J  It  M 

0£  O  tO 

UJ  2  0 

U.  •  X  0. 


O  O  3  CO 
1-4  U.  O 

>-  *-*  -j  o 

3  Z  J  X 

JD<< 

o 

to 


2  UJ 
V)  O  K- 

*  OX 


tO 

UI  o 

2  U  UI 

o  3  a: 

a  os 


a  x 

>-  UK 

o  u 

o  z  to 


X  W  N 

U  m  Z 

u  o 

♦“  UJ  u. 

a: 

a.  u  (A 

3  r  z 

O  H-  O 


U  -J  o 

-J  ODZ 

O  X 


L.  QD 

O  X 

x 

z  ut 

o  o  o 

HZH 

>-■<00 


X 
•  o 

i  14 

3  X 


00 


X  O 
3 

00  o 


X  K 
>-  x 
© 


>-  0) 

X  u 
X  oc 


CO 

Ul  o 


O  •  M 


o 

CL 

X 

O 

o 


X  z 

H 

00  X 
X  o 

a  < 


UOK 

it  H  o 


M  u 
00  00  H 
UOH 
X  CL  h 


t-  CL 
U  Z 
3JO 


O  X  ►- 
KmU 
CL  Z  =0 
04  Q 

:  o 


o. 

3 


CO  z 
z  o 

*4  u 


u.  oc 

3 
X  00 


Q  UJ 

z  X 

o 


00  o 

o 

O  00 


3 

o 

<L 


>-  O 

o  u 

UJ  CO 


z 

UJ 

X 

o 

z 

X 

>- 

UJ  o 

H-  X 

X  X 

<  X 

UJ 

a. 

UJ 

05 

u 

o 

UJ 

< 

4* 

O  X 

< 

t-4  X 

X  Ul 

X 

X 

o 

00 

H* 

3 

x  a. 

X  z 

X 

3  >- 

UJ 

o 

►4 

UJ 

• 

UJ 

oo 

u. 

O  1-4 

00 

cj 

a 

u 

00 

z 

>- 

o 

cj 

>- 

05 

X  o 

►4  U 

>-  00 

u  cj> 

z 

z 

3C 

-J 

Ul 

3 

z 

UJ 

3  Z 

X 

X  UJ 

X  z 

o 

o 

o 

o 

►- 

oo 

a 

3 

> 

CO  < 

X  X 

o 

M 

u 

>- 

o 

►4 

z 

3 

UJ 

00 

o 

UJ 

u 

o  o 

UJ  X 

X 

UJ 

ac 

-J 

X 

UJ 

x  CJ 

00  H- 

UJ  X 

X  3 

z 

a 

-J 

*- 

»- 

3 

UJ 

< 

-J 

<  *4 

Ul  u 

X  X 

O  05 

Z 

o 

z 

X 

3 

o 

QD 

o 

►4 

z 

00 

UJ  -J 

-J  X 

3 

X  X 

<  CM 

H 

X 

>- 

o 

• 

UJ 

>- 

ac 

3 

3  3 

u 

O  _J 

UJ 

_J  -H 

*4 

►- 

UJ 

oo 

X 

z 

05 

-1 

UJ 

o 

f- 

< 

*4  • 

X  o 

o  X 

0. 

o 

►4 

o 

X 

>- 

>- 

o 

z 

-J 

05 

»- 

< 

Z  X 

>-  X 

X 

>- 

UJ 

CO 

UJ 

z 

»4 

►4 

o 

►4 

UJ 

< 

X 

o 

05 

o  a 

X  > 

49  H- 

X 

oc 

3 

o 

►- 

-I 

uj 

3 

>- 

o 

3 

X 

X 

o 

cj 

U 

>* 

X  »4 

z  z 

a  o 

<  »- 

Z 

x 

u> 

< 

z 

< 

►4 

u 

o 

00  X 

a  *- 

►4  O 

z 

UJ  X 

►4 

UJ 

UJ 

z 

o 

a 

a: 

• 

00 

>- 

• 

© 

o 

< 

z 

u 

►“  u 

X  40 

>-  u 

>- 

o 

3 

o 

a. 

u 

3 

X 

o 

>* 

z 

00 

H- 

u_ 

o  X 

Z  UJ 

00 

o 

x 

z 

o 

UJ 

*4 

X 

z 

O 

*- 

o 

© 

o 

M 

Ul 

X 

►4  H- 

O  X 

>- 

x  a 

40  o 

UJ  O 

o 

oc 

x 

►- 

o 

u« 

*-« 

3 

X 

z 

z 

X 

> 

05 

3 

>-  *4 

M  U 

CD 

u  z 

X  x 

> 

u 

>- 

►4 

a 

X 

U. 

o 

>- 

►4 

u 

< 

Ul 

O 

oo 

<  3 

Ul  w 

o 

X 

CD  >- 

•4 

4# 

4J 

z 

Q 

X 

z 

ac 

UJ 

05  n 

UJ 

UJ 

o 

X 

K 

-J 

X 

UJ 

u. 

UJ 

UJ 

a 

z 

UJ 

o 

CO 

X 

00  O 

(ZJ 

-J 

X 

X 

UJ  >- 

O  UJ 

o 

O  Ul 

O  X 

JO  ir 
O  UJ  D 
MZU. 
00  M 


O  J  M 


UJ  X  © 
HhU 
N  V)  (C 


00 

X 

o 

►4 

X 

05 

1 

CJ 

o 

3 

3 

•4 

z 

Z  1-4 

00 

UJ 

X 

00 

H- 

h-  X 

© 

CJ 

z 

© 

X 

►4 

o 

X 

z 

X 

X 

3  X 

00 

X 

X 

z 

3 

X 

X 

X 

Z 

X 

o 

z 

z 

z 

u- 

z 

X 

►- 

4 

a 

© 

49 

UJ 

K 

o 

UJ 

X 

z 

X 

o 

►4 

X 

►4 

►4 

CJ 

X 

X 

o 

z 

o 

K 

u 

40 

UJ 

X 

O  00 

X 

• 

4% 

K 

o 

X 

o 

X 

z 

z 

X 

z 

o  o 

o 

>— 

3 

X 

X 

X  X 

X 

X  Z 

z 

X 

z 

z 

X 

X 

© 

© 

o 

X 

►- 

Z 

X  • 

X 

© 

o 

00 

Z  X 

3 

o  >- 

o 

4J 

►4 

3 

u 

X 

z 

*4 

X 

►- 

M 

X 

X  _J 

X  -1 

UJ 

z 

UJ 

>■ 

X 

00 

u  © 

*4 

P4 

X 

z 

o 

z 

X 

3 

X 

X 

z 

•4 

CD 

00 

40 

X  o 

z 

4* 

X 

© 

© 

X 

X 

© 

u 

00  > 

X  > 

>- 

►- 

z 

X 

O  X 

CJ 

a 

z 

> 

© 

X 

X 

X 

© 

o 

>-  o 

o 

UJ 

X 

40 

CJ 

■ 

X 

flD  M 

a 

X  X 

3 

X 

► 

o 

Q 

z 

X 

© 

X 

z 

Z  X 

X  X 

-J 

UJ 

X 

UJ 

a 

-J 

o 

3 

*J  >- 

a 

X 

X 

pm 

X 

M 

z 

© 

X 

3 

o 

© 

UJ  UJ 

O  Ul 

a 

X 

►4 

X 

UJ 

CD 

o 

X 

*4  © 

z 

u 

40 

z 

•4 

3 

o 

»4 

z 

X  X 

UJ  X 

X 

z 

X 

X 

V)  z 

X 

*4 

a 

z 

3 

© 

o 

o 

a 

X 

o 

o 

UJ 

u 

05 

UJ 

CO 

X 

X  X 

© 

X  Q 

X 

X 

X 

z 

z 

X 

X 

►4 

u 

X 

Pm 

X  X 

>  X 

« 

H- 

z 

X 

»4 

Pm 

Z 

x  z 

X 

> 

© 

CJ 

►4 

> 

X 

z 

o 

X 

H- 

X  <j 

UJ  o 

X 

o 

X 

3 

3 

►-  z 

CO 

M 

H  O 

© 

o 

X 

z 

• 

© 

X 

o 

X 

z 

X 

>- 

M 

©  o 

o  o 

X 

UJ 

►4 

X 

05 

X  © 

►“ 

x  a 

3  • 

X 

X 

M 

© 

3 

o 

X 

z 

CJ 

X 

z 

© 

<J  t- 

»- 

o 

z 

K 

CO 

X  *4 

z 

X 

z 

© 

X 

X 

X 

X 

u* 

X 

• 

X 

o 

05 

1  05 

z 

X 

z 

►4 

1 

X  ♦- 

3 

o 

X 

1  X 

z 

X 

►- 

1 

© 

z 

>“ 

► 

1 

CJ 

X 

1 

00 

1 

X 

X 

O  X 

o 

CJ 

1  CJ 

X 

w 

1 

X 

X 

z  • 

pm 

1 

►- 

z 

z 

00 

Z  V) 

UJ 

X 

X 

z 

X  z 

z 

X 

Z  >4 

©  X 

z 

*4  © 

z 

U4 

z 

o 

o 

X  05 

O  40 

1 

X 

X 

►4 

CD 

o 

X  3 

1 

Z  X 

O  X 

1 

z 

►4 

o 

o  z 

1 

z 

X 

© 

o 

(J 

u 

UJ  UJ 

*4  UJ 

UJ 

X 

X 

*4 

05 

z 

X 

*4  X 

X 

X 

H 

Z  M 

X 

X  o 

»4 

-J  <J 

^  4J 

UJ 

X 

UJ 

>- 

X 

>- 

X  z 

3 

X 

X  © 

»“  >- 

X 

X 

X 

X 

>“ 

*4  Z 

X 

X 

a 

X 

►- 

© 

o 

OO  X 

3  x 

-J 

a 

z 

X 

z 

3 

z  o 

© 

X 

a  z 

3  X 

X 

a 

X 

X 

3 

X  o 

X 

a 

o  o 

3 

X 

z 

O  UJ 

-J  UJ 

►— 

o 

u 

Q 

X 

-J 

»-  o 

K 

o  x 

X  Z 

*- 

o 

X 

3 

X 

©  z 

*- 

o 

Z  X 

X 

© 

X 

X 

o 

X 

o 

f 

►4 

X 

O 

X 

X 

O 

*4 

K 

o 

X 

CO 

>- 

a 

0) 

1 

X 

© 

X 

© 

u- 

X 

© 

CM 

co 


to 

CM 

» 


-  *  asiiti&ii 


<8228)  TITLE  -  BALL  SIZING  OF  RECOIL  CYLINDERS  267 


SOLUTION  -  HIGH  SPEED  STEEL  HANORELS  HAVE  BEEN  USED  FOR  SWAGE  PROCESS  IN 
UNITEO  KINGDOR.  THIS  SHOULO  BE  A  SUBSTITUTE  FOR  TUNGSTEN  CARBIDE  NANDRELS 


< 7920 1  TITLE  -  CONSERVATION  OF  CRITICAL  MATERIALS  FOR  GUN  TUBES  236 


x  O  to 

O  o  u  j  u 


Z 

to 

X 

X 

P-  CM 

to  to  X 

z 

h- 

o 

UJ 

O 

PH 

X  ph  X 

u 

u 

M 

2 

to. 

UJ 

O  3  X 

PH 

Ul 

a  p- 

O 

X 

p-  CO 

X  PH 

2  X  Z 

*3 

2  o 

PH 

o 

CO 

-J 

3  3 

X  2 

PH  3 

a  o 

X  3 

to 

to. 

Ul 

X 

CD 

3  CD  X 

X 

ZKV) 

O 

X 

• 

X 

to 

O 

CO  ph  Ul 

CD  O  W 

x  a.  co 

co  uj 

-J 

O  CL 

X 

Ul  UJ 

CD  to 

CO  P- 

z  a:  y 

u 

uj  ac 

Ul 

X  3 

2  to 

X  X 

2 

Ul  UJ  X 

M  y  M 

Z  M  J 

X 

X 

UJ 

O 

PH 

PH  CO 

2  O  UJ 

X  CO 

O  PH 

o  • 

Z  P- 

to 

CO  to 

2  PH 

O  x 

OQU 

a:  z  z 

m  ui  z 

u 

O  PH 

X 

X 

Ul  CD 

o  2  U 

O  P-  »- 

X 

PH 

<  CO  CO 

UJ 

Z  UJ 

3  O 

X  x 

y  <  o 

CO  AM 

ac  ph 

UJ 

u  u 

X 

P-  O 

O  to  2 

03  OC 

•  3 

UJ  to 

co 

O  X  UJ 

3  X 

2  X 

z 

X  Ul 

to  Q. 

z  co 

p* 

PH 

2  O  X 

O  PH 

O  co 

UJ  to 

to  •  > 

co  ac 

PZ  M 

uj  o 

PH  CD  « 

O  to 

PH 

CD  UJ 

X  tol 

H  p-  Q 

ny  J 

X  2  O 

o  o 

X 

to  u 

3  X 

UJ  3 

2  2 

3  to  UJ 

X  PH 

UJ 

PH  Z 

CL  UJ 

x  z 

to 

>  to  UJ 

X  3  X 

CO  UJ 

PH  2 

X 

>  to  Ul 

I 

O  to 

to 

o  y  > 

O  O 

X  O  to 

a  ph 

o 

o  o  z 

to  to 

PH 

Z  2 

t  M  < 

MUM 

3  It  M 

z 

CD 

X  CD  P 

to 

to  to 

3  UJ  • 

Z 

Z  -J 

ph  a 

ac  o 

a. 

p  1 

CL  X 

O  CO  CO 

O  to 

3  U.  X 

X  u. 

x  «t 

UJ 

UJ  X 

2  CO 

X 

UJ  UJ 

>-  x  -1 

O  ph 

o  o  o 

-J  X 

z 

o  o  o 

UJ  .J 

X  O  • 

X  X  o 

to  -J 

X  ac 

ac  2 

PH 

p- 

X  3  X  • 

CO  UJ 

2  Z 

O  Q.  X 

UJ  PH 

ov-  u 

Z  PH  UJ 

X  u 

a.  o  u_  o 

UJ  Ui 

M  m  W 

to  PH 

O  CD  3 

H3P 

o  o  o 

PH  O 

u 

o  Ul 

X  z 

POM 

•  X 

x  z 

ZO  < 

CO  z> 

CO 

o 

u>  x  a  x 

CL  3 

PH  2  2 

to  X  X 

M  M  P 

O  X 

UJ  Ul 

to 

Z  CL  Ul  3 

PH  PH 

o 

0C  3  X 

X  CD  3 

QC  X 

0  0  3 

UJ  o 

2 

ph  U  M 

co  ui  • 

2  X  to 

2 

o  o 

X  X  CD 

zoo: 

•4  0  0 

>  o 

O 

J  O  3  ID 

PH  >  O 

o  o 

PH 

X  to 

X  3 

UK  O  i 

JK  J 

x  o 

PH 

O  P  o  HC 

PH  UJ 

tol 

2 

X  UJ  CM 

u  p-  a. 

u.  u.  x 

a.  a 

z 

to 

o  o 

I  WO 

oxo 

X 

3  CO 

CO  PH 

CO  3 

Ul  x 

Z 

X 

to  O  X  o 

0X3 

2  O  X 

3 

1/9  UJ 

UJ  PH  3 

X  0  Q  PH 

ac  uj 

X  o 

J- 

Ul  CL  p- 

o 

ph  x  O 

ph  to 

to 

PH  » 

zoo 

u  u  z 

>  o 

O  PH  2 

OCL  3 

2 

2  CD  Ui 

Q  O  X 

to  X 

to  UJ 

zzuo 

X  X  to 

p-  z 

UJ 

2  O  Ul  X 

PH 

PH  <  X 

2  2  3 

UJ 

X  2  Z 

to 

o  ph  z  ac 

u  z 

X 

PH 

<JO! 

o 

to 

Ul  PH  co 

OD 

X  PH 

3  3  U 

3  X  Z 

PH  CO 

3  Z 

X 

ui  ui  ui 

2 

O  to 

X  to 

3 

CO  to 

0  0-1 

CO  P-  «  u 

Z  to  2 

U  to 

o 

UJ  >  3  03 

PH 

Q  2  -J 

UJ  J  Q 

to 

CO  Z  co 

J  Z  CD 

m 

3  3  0 

X  PH 

2  UJ 

X 

ZnP 

O  PH  2 

UJ  P-  3 

-J  to  X 

p  O  W  M 

CD  ph 

>  3 

• 

HOMO 

o 

<  M  2 

X  X 

X 

O  CD  X 

X  to  J 

O  PH  X 

O  to 

UJ 

Ul 

Z  U  -J 

3  X 

o 

o 

UJ  2 

3  PH 

-J  UJ 

2  O  X 

O  > 

O  to  O  3 

to 

X  o 

2  0  0 

X 

2  to  to 

to  X 

to 

J  IS  UJ  z 

O  UJ  o 

to  2  PH 

x  a)  x  o 

to 

to  CO  PH 

ph  uj  uj 

to  Z 

to  x  > 

0 

<  XU 

PH  x  to 

X  ph  to 

X  X  3 

to 

to  to  X 

o  to  o 

o 

to  to 

ph  uj  x 

3 

to  UJ  3 

to  O  to 

CD 

O  2  X 

2  X 

CD 

to  2  ph 

2  0  2 

to 

a  to  x 

3  Z 

to 

<0  CO  Z  CO 

X  -J  PH 

2 

CD  ph  X 

UJ  X  3  o 

X  PH  2 

PH  X  X 

o 

PH  to  to 

to  to  • 

UJ  3  to 

PH  to  O 

PH 

Z  Ui 

co  o  co  to 

to 

X  z  o 

X  to  X 

to 

>  3 

to  O  to  O 

2 

XX  X 

X  >  o 

X 

ui  a  x 

O  2 

> 

PH  o  PH 

O  to 

X 

O  X  X 

O  to  2 

3 

M  •  to 

X  to  X 

o 

XXX 

x  x  r  ph 

PH 

0X0 

Z  to 

X  o 

to  to  2  O 

o 

3  Z  CO  UJ 

>  o 

CD 

to  X  ph 

X  to  to  to 

CO 

X 

to  X  O 

>- 

x  o 

x  z  to  ph 

0  0  2 

o 

3  CD  O  X 

X 

to  to 

to  O  to 

o 

2  O 

to  X  to 

to 

UJ  PH  O  J 

to  2  CO 

X 

U.  to  CO 

X  X  CD  UJ 

X 

O  O  CD 

to 

X 

O  PH  x 

3  X  ph 

2 

X  Z  p«  X 

to  to  to 

o 

O  X  ph 

X  to 

CD 

X  z 

CD  Z  to 

to 

to  2  3 

X  O  3  O 

to 

3  to  O 

to  to  u 

to 

3 

to  Z  X  2 

X 

X  PH  2 

O  2 

to 

O  X 

I  to  O  ph 

X 

-J  X  PH 

to  CO  O 

X 

co  a  to 

X  U  M  to 

X  O  X 

to  ph  to 

o 

to  3  to 

to  3 

o 

UJ  O  2  to 

CO  X  • 

3 

O  to  X 

PH  O 

a 

3  2  0 

>  Z  to 

X  to  to 

to  O  3 

U  2  PH 

to  x  co 

O 

2  ph 

UO« 

uj 

CO  PH 

to  3  to 

3 

o 

O  O  to  O 

o 

to  X  3  K 

to  >  to 

X 

to  to  to 

UJ  X  to  X 

UJ 

X  2 

O  to 

X 

X  3 

0  3  X 

2 

CO  UJ  o 

O  X  to  o 

> 

O 

X  >  to  o 

X 

Ul  CD  O 

X  CO  O 

Z 

to  O  CM 

X  to  to 

PH 

to  to 

to  Z  to  to 

to 

zoo 

O  to  o 

CO 

a  ph 

x  to  x 

to 

to  to 

X  to  X 

to 

X  to  to 

to  X  to 

>-  X  2  • 

3  2 

PH  to  to 

CD  to  to 

to  to  z 

UJ  CD  PH 

o 

3  X  to  O 

X  X  X  x 

to 

O  to  PH  X 

X  to  o  o 

Z 

to  X  X 

x  x 

O 

O  X  to 

X  x  x  3 

to 

CD  X  -J 

3  UJ 

X 

CD  X  2  Ul 

Z  to  PH 

o 

CO  o  x 

X  <D 

o 

X  to 

to  O  3 

O 

3  Ul  </> 

1  2  2  to 

o 

PH  X 

1  to  2  to 

PH 

PH  UJ 

1  2 

X 

to  3 

«  PH  to 

to 

1  CO  >  CO 

to  to  x 

CD 

1  to  X  to 

X  < 

z 

l  x  X 

to  to 

X 

1  O 

X  to 

ac 

PH  to 

2  O  CD  O 

X  o  o 

2  X  to  to 

o  o 

2X0 

2  O 

2  0X3 

X  to  to  to 

O  CD  ph 

1 

X  pH  X 

O  O  to  2 

1 

X  2 

O  >  3 

1 

X  to 

O  X  to 

1 

UJ  X  x 

ph  to  to  to 

to  3  x  X 

ph  3  UJ 

uj  ph  co 

to  o  O 

to  to  z 

pH  H®  X  2 

to  O  -J  to 

to  to  to  ph 

to 

to  a  o 

to  O  X  ph 

to 

to  to  PH 

to  X  O 

to 

to  to  to 

to  UJ 

to 

CD  X  Ul  CO 

3  O  ph  X 

to 

CD  to  X  X 

3  2  ph  X 

to 

CD  to  Z 

3  to  x 

to 

(D  ph  X 

3  X  UJ  2 

to 

O  CO  x  3 

to  X  3  O 

to 

O  K  O  to 

to  UJ  CO  O 

to 

O  O  to 

to  X  X 

to 

O  3  to 

to  X  CD  O 

to 

X 

O 

PH 

X 

o 

PH 

K 

o 

PH 

X 

O 

PH 

X 

CO 

to 

X 

CO 

to 

X 

o 

to 

X 

o 

to 

PROBLEM  -  BECAUSE  OF  ANTICIPATED  SHORTAGES  IN  THE  AVAILABILITY  OF  CRITICAL 
ALLOTS*  IT  IS  ADVANTAGEOUS  TO  UTILIZE  SPENT  GUN  TUBES. 


PROBLEM  -  PRESENT  RIFLING  EQUIPMENT  REQUIRES  MANUAL  REMOVAL  OF  BROACHES. 
AFTER  EACH  OF  APPROXIMATELY  32  PASSES  THE  OPERATOR  MUST  WALK  FROM  THE 
OPERATORS  STATION  TO  THE  FAR  END  OF  THE  GUN  TUBE  TO  REMOVE  THE  BROACHES 
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ABRASIVE  MACHINE  FOR  CYLINDRICAL  PARTS  EXCEPT  THAT  THE  PROCESS  IS  USED  TO 
PRODUCE  FLAT  CONTOURED  SURFACES.  IT  IS  PROPOSED  THIS  PROCESS  BE  ADAPTED  TO 
PRODUCTION  OF  THE  BRACKET  SLOT. 
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PROBLEM  -  HIGH  CONCENTRATION  CHROMIUM  COATING  IS  CURRENTLY  USED  TO  RESIST 
EROSION  IN  GUN  BORES.  INHERENT  PROPERTIES  MAKE  THE  COATING  SUSCEPTABLE  TO 
SHEARING  ANO  FLAKING. 
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SOLUTION  -  A  LASER  HACHINING  PROCESS  WITH  SUFFICIENT  OUTPUT  ENERGY  TO 
ACCOMODATE  LARGE  WALL  THICKNESSES  WILL  8E  DEVELOPED. 
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SOLUTION  -  PROVIDE  INCREASED  TEST  EFFICIENCY  BY  PROVIDING  REROTE  AND  AUTOHATIC 
ADJUSTMENT  OF  SIMULATOR  SPACING  TO  WEAPON,  AND  FOR  AUTOMATIC  ADJUSTMENT  OF 
PRECHARGE  PRESSURES. 
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US  ARMY  AVIATION  RESEARCH  AND  DEVELOPMENT  COMMAND 


(AVRADCOM) 


The  US  Army  Aviation  Research  and  Development  Command  (AVRADCOM) , 
with  headquarters  at  St.  Louis,  MO,  is  responsible  for  Army  aviation 
research,  development,  product  improvement,  acquisition  for  assigned 
materiel  and  research  projects,  initial  procurement,  and  production. 

The  Command  directs  the  Research  and  Technology  Laboratories  with 
headquarters  at  NASA  -  Ames  Research  Center,  Moffett  Field,  CA;  US 
Army  Avionics  Agency  and  Laboratory,  Fort  Monmouth,  NJ;  US  Army  Bell 
Plant  Activity,  Fort  Worth,  TX;  US  Army  Hughes  Plant  Activity,  Culver 
City,  CA;  and  three  project  managers:  Aircraft  Survivability  Equipment, 
CH-47  Modernization  Program,  and  Navigation/Control  Systems.  PM  Advanced 
Attack  Helicopter  (AAH)  and  PM  Blackhawk  are  collocated  with  AVRADCOM, 
but  are  under  the  direct  control  of  HQ,  DARCOM. 

The  most  important  criteria  of  aircraft  material  are  strength  and 
low  weight.  A  large  part  of  the  aviation  MMT  program  is  the  attempt  to 
replace  metals  with  materials  having  better  strength  to  weight  ratios. 
Composite  materials  suitable  for  aviation  have  been  developed  and  are 
being  used.  Composites  are  pound  for  pound  less  expensive  than  metals 
traditionally  used  in  aircraft,  are  stronger,  and  do  not  need  the 
extensive  and  expensive  machining  that  metals  do.  However,  techniques 
for  the  production  and  application  of  composites  need  further  develop¬ 
ment  to  reach  optimum  efficiency  and  savings. 

The  use  of  composite  materials  in  Army  aircraft  is  anticipated  to 
increase  as  current  work  in  MT  and  in  R&D  leading  toward  an  all-composite 
helicopter  fuselage  nears  completion.  In  addition,  raw  material  costs 
are  expected  to  decrease  with  the  increased  use  of  composites  in  DOD 
and  Industry.  Also,  as  confidence  increases  in  composites,  current 
reservations  held  by  designers  (especially  quality  control  segments)  will 
be  removed,  and  composites  will  be  incorporated  in  the  earliest  stages 
of  weapon  development  with  consequent  increases  in  necessary  MMT  work. 

A  significant  portion  of  the  funding  for  composites  work  is  primarily 
for  the  establishment  of  manufacturing  processes  to  support  composite 
main  and  tail  rotors  and  the  tail  boom  for  the  YAH-64  Advanced  Attack 
Helicopter  (AAH).  The  rotor  projects  build  upon  previous  Government 
and  Industry  R&D  and  MT  work.  In  the  case  of  the  main  rotor  blade,  costs 
will  be  reduced  by  incorporation  of  unique  techniques  that  reduce  cure 
cycles  and  handling.  The  tail  rotor  program  will  establish  for  the 
first  time  a  manufacturing  process  that  can  be  automated  with  conse¬ 
quent  cost  savings.  The  tail  boom  project  will  resolve  several  manufac¬ 
turing  problems  and  will  make  composite  tail  booms  economically  feasible 
with  significant  weight  savings. 


Composite  projects  are  planned  for  virtually  every  part  of  the 
helicopter  except  the  avionics  area.  Several  projects  are  planned  in 
the  airframe  area.  One  will  establish  manufacturing  methods  for 
application  of  composites  to  a  main  fuselage  primary  structure  (the 
rear  fuselage  of  the  Blackhawk) .  Five  projects  are  planned  in  the 
rotor  area.  The  principle  projects  are  those  for  the  AAH,  but  a  pro¬ 
ject  is  also  planned  for  establishing  a  production  method  for  the 
blades  of  the  RPV.  In  the  drive  area,  three  projects  are  planned.  One 
will  focus  on  the  drive  shaft  and  another  will  result  in  methods  for 
manufacturing  a  gearbox  housing.  In  the  engine  area,  a  project  is 
included  for  methods  to  fabricate  the  particle  accelerator.  The  • 
decrease  in  weight  of  this  component  will  improve  engine  performance 
and  cascading  beneficial  effects  in  the  bearing  and  lubrication  areas. 

Several  projects  will  attack  technical  problem  areas  that  affect  all 
composite  manufacturing.  These  projects  address  automation  of  cutting 
and  layup  operations,  machining,  fastening,  technology  transfer,  and  new 
materials.  The  development  of  automation  techniques  will  be  pursued  in 
cooperation  with  the  Air  Force,  the  lead  service  in  this  area. 

The  most  significant  project  areas  in  terms  of  advancing  composites 
manufacturing  and  usage  is  in  the  development  of  quality,  control  tech¬ 
niques.  Projects  are  planned  in  this  area;  they  will  address  materials 
characterization,  in-process  controls,  and  non-destructive  evaluation. 
These  projects  will  ensure  optimum  processing  and  material  performance, 
and  increase  confidence  in  composites. 

These  are  many  areas  in  aircraft  in  which  metals  can  not  be  replaced 
and  projects  are  included  in  this  submission  to  improve  production  of 
these  items.  Since  many  aircraft  metals  used  in  the  propulsion  system 
are  tough  and  expensive,  machining  a  casting  to  final  shape  is  difficult 
and  produces  costly  scrap.  Improving  powder  metal  technology  will  give 
castings  much  closer  to  final  shape,  greatly  reducing  the  time  and 
effort  to  produce  the  final  product.  Several  projects  are  included  to 
implement  recent  advances  in  gear  manufacturing  and  should  provide  an 
improved  item  at  a  lower  cost.  Projects  are  also  planned  to  find  ways 
of  repairing  rather  than  scrapping  complex  items  which  are  damaged  in 
the  manufacturing  process.  An  effort  is  planned  to  replace  metal 
turbine  blades  with  ceramic  ones.  This  will  provide  better  operating 
characteristics  at  lower  cost. 

The  overall  emphasis  of  the  Army's  aviation  MMT  program  is  to 
perfect  technologies  which  have  a  good  probability  of  implementation  and 
high  potential  benefits.  For  the  most  part,  efforts  are  directed 
towards  projects  which  offer  both  cost  reductions  and  product  improve¬ 
ments.  The  results  of  these  projects  will  be  made  available  to  other 
Government  agencies  and  to  Industry. 


(THOUSANDS) 


1 

m 

m 

m 

O 

o 

o 

i 

CO 

1 

m 

H 

CM 

CM 

in 

ao 

i 

>- 

1 

O' 

in 

O 

CM 

O' 

vO 

i 

U- 

1 

cm 

lO 

m 

i 

fO 

i 

o 

O 

in 

O 

o 

o 

i 

00 

i 

o 

in 

o 

o 

o 

m 

i 

>* 

i 

r* 

CM 

CM 

00 

in 

i 

Li. 

i 

•H 

K> 

vD 

i 

>- 

CM  | 

o 

o 

O' 

o 

o 

i 

CO  1 

CM 

<r 

O' 

h- 

o 

to 

i 

oc 

>-  1 

O 

in 

00 

H 

o 

i 

L.  1 

H 

rt 

** 

SO 

i 

< 

z 

z 

-1  1 

K) 

o 

in 

in 

O 

CM 

i 

3 

CO  1 

O' 

in 

r- 

CM 

i 

>-  1 

4t 

fO 

\D 

<r 

H 

i 

00 

U.  1 

to 

f-4 

K) 

i 

■ 

o 

o 

o 

r- 

o 

i 

KJ 

co 

CM 

« 

i 

-*•  i 

f- 

'fl 

tH 

O' 

i 

Li-  I 

CM 

<r 

i 

o 


X 


o 


o 


Ui 


X 

X 

hm 

Ld 

J 

CD 

H 

• 

Z 

40 

w» 

u 

u 

0) 

>■ 

>- 

X 

u 

40 

CO 

u 

< 

•H 

< 

z 

>-  » 

X 

z 

U 

0£ 

Of 

M 

0C  1 

u. 

o 

> 

u 

o 

CD 

O  1 

X 

H 

z 

K 

K 

U>  1 

M 

> 

at 

u 

O 

» 

U  1 

< 

< 

o 

(0 

Q1 

h* 

t-  I 
<  t 
O  I 


mmmmrn 


T0TAL  8471  10125  13660  12005  13345 


A0-A092  293 


army  industrial  base  engineering  activity  rock  ISLAND  IL  F/8 

MANUFACTURING  METHODS  AND  TECHNOLOBY  PROGRAM  PLAN*  CY  1980.  (U) 
SEP  00  J  PETRONE 


O  I 

O  UJ 

k  r  o 

K  3  M 

0.  M 

a 

UJ  CO 

M  3 

O  »  «J 

a  o  oc 

O  h  2 

a 

CO  fr- 

z  >- 

CD 

z  fr¬ 

OH  -J 

UJ  ►-  3 

U.  _J  M 

z  co  z 

x 

x  on 

z 

ee:  o 

uy  3 

o  co 

a 

<UH 

h*  an 

x 

o  o 

UI  3 

co  >  u. 

J  H  2 

CO  z  z 

on  3 

Z  3 

©  z 

X  M 

CL  on 

x  u 

OW  W 

U  O  M 

Z  3 

UI  (0 

-1  o 

o  ►- 

J  J  » 

z  o 

fr-.  M  3 

UJQh 

CO  M 

O  M 

J«  • 

X  Ui 

uou 

u  o 

M  V- 

O  Ui  Z 

Ui  U- 

o  fr- 

O  Ui 

u 

co  x  © 

CD  fr- 

co  x  u 

zuu 

K  Z 

a.  x 

•  H  UI 

M  UI 

3  OC 

Z  3 

o  u  o 

3  O  * 

a.  o 

•o  >- 

a  on  an 

X  fr- 

(fr  •  X 

MOO 

a.  ~  * 

on  x 

u 

CO 

UI  GO  3 

3  M 

CO  -J 

fr-  -J  UJ 

CK  J 

o  a.  _i 

CO 

fr- 

0<  H 

CO 

w  © 

X  & 

O  CD  CL 

UI  M 

UI  UI 

Z  Ui 

<  li.  u 

©  o 

CZK 

0*0 

(J  X  1 

a.  ©  u. 

-J  CO 

UJ  X 

~J  3 

w  & 

x  m  o 

w  K  J 

Ifr  Z 

o  z 

M  UI 

z  fr- 

u.  >-  cc 

3  Z 

fr-  m 

>30 

z 

H  H  • 

-J 

z  o 

Z  3 

UJ 

Ui  fr-  frH 

a.  a 

u.  s>  J 

X 

<zu 

x  uj  z 

1  UJ  _1 

O  O  K 

z 

at  X 

M 

o  ©  z 

(JIfr- 

3  CL 

x  o 

— J  M 

CO  o  •-* 

on 

o  X 

U  fr-  © 

o  z 

»  U.  UJ 

M  3 

z  Z 

Ui 

Z  Ui  z 

K 

X 

>  3  CO 

O 

M  J  U 

fr» 

x  ©  u. 

Z  UI 

O  X 

CO  Z 

U.  H- 

Z  J  »- 

X 

o  z 

Z  M  Z 

UI  uj 

O  X  U 

z  z 

M  M  X 

Z 

<  y  m 

©XX 

fr- 

-J  Z  M 

M  ui 

X  3  Z 

an  >  < 

M  fr-  z 

x  ac 

o  X 

‘X  Z 

fr- 

UI 

M 

lo¬ 

Z  O 

z  o  fr- 

X 

Z  H-  H 

z 

J  WO 

ci  3  ac 

1-  u. 

X  Ui 

o  3 

O  M  z 

X 

X  *  »- 

3  M 

X 

UJ  fr- 

UJ  o 

3QH 

0  3  0 

o 

3  O  U. 

n  a:  z 

U  Ui 

z 

on  o  • 

X  z 

X 

M  <  *-* 

u 

fr“  J 

UJ 

O  UI 

fr-  u. 

HOZU 

©  x  z 

o  >  z 

fr-  «J 

a  a 

O  UJ  UJ 

(9 

z  to  z 

©  Z  © 

UI 

CO  U.  I- 

Z  -1  fr- 

X  O  UJ 

Ui  x 

3  >  X 

X 

©  z  o 

z  z 

CO 

O  Ui  z 

U  M  O  • 

Z 

*  -J  I/O 

O  Ui  X  • 

z  z 

Z  UJ  K 

-J 

u.  y  a. 

Z  1- 

X 

Ol  >  ui 

CD  3  Z  > 

o 

3  UI 

M  »  O 

x 

fr-  a 

u. 

z 

UJ  CO 

z  <  <  z 

X  M  fr- 

M 

fr-  U.  Z 

ae  o  ♦  ui 

CO 

X  UJ 

co  co 

3 

X  UJ  o 

CO  CO  o 

u 

o  M  x  o 

fr-  •  Z  M 

K 

CO 

®  on  ©  > 

UI 

CO  z 

UJ  z 

O 

o  z  o 

-J  z  u 

CO 

uk  a. 

CO  CO  3  on 

U 

o  z  z  • 

<a.  I  y 

fr- 

* 

CD  CD  M 

Z 

UI  M 

Z  -J 

3 

z  CO  z 

UJ  UJ  o  o 

UJ 

u  UJ  o  CO 

u.  Z  X  o 

M 

on 

z  z 

K  3  O 

M  It  J 

u. 

ifr  Ui  UI  o 

an  i  uj 

CO 

UJ  M  2 

MO 

CO 

x  © 

•-•-JO 

o 

a  ui 

Z  3  -J 

O  fr-  ©  U 

JSOh 

U  a  k  m 

-J  >  z 

o 

-J  fr- 

Z  -J  »H 

fr-  UJ  CD 

UJ  o  z 

z 

O  CO 

3  fr-  U  Z 

-J 

z  z  z 

X  O  M 

z 

3  Z 

M  h 

z 

CO  K  Z 

K  Z  Z 

UJ 

Z 

z  ft  y  fr 

MU  w 

M 

m  •-  ae  3 

K  Z  UJ 

z 

©  Z 

©  3  M 

z 

Z  -1 

z  z  u 

z 

UJ 

o  O  UI 

3  3© 

z 

fr-  O  3  O 

z  X  X  > 

o 

UI  Ui 

Z  © 

o 

O  CO  u. 

z  u  > 

3 

z 

1-4  UI  O  Z 

Z  z  o 

K 

Z  Z  ©  1 

UJ  fr-  © 

o 

Z  fr¬ 

«x  •  O 

z 

o  J  3 

© 

K 

K  ©  Z  3 

K  K  Z  Z 

U  N  o 

z  o  © 

ee  K 

fr-  ©  z 

z 

z  o 

Z  IL 

o 

UI 

ZKftfr- 

u  ©  z 

Ui 

fr—  UJ  LL  u 

m  ui  ae  -  j 

z 

M  X 

Z  UI 

fr-  K  Z 

O  O  UJ 

3 

K 

u  z  z 

UI  » 

K 

©  >  z 

Z  3  O  O 

z 

fr-  >  o 

fr- 

z  z  z 

U  X 

z 

M 

M  _J  ©  > 

3  UJ  ©  > 

M 

z  z  o  a 

Ui  UJ  u.  z 

z 

UJ  z 

O  Ui  z 

© 

UI  u  o 

U  Z  fr- 

K 

CD 

-J  z  z 

o  ©  o  fr- 

M 

X  u  z 

Z  K  X 

3 

©  Ui 

z  z 

o 

Z  fr- 

>  o 

CD 

O 

Z  z  m  3 

Z  z  J  M 

O 

Ui  z 

X  >  O  O 

Z  X 

© 

o 

z  z  © 

UJ  M  UI 

z 

z  z  a 

ftJOJ 

Z 

X  ©  o 

Ui  Ui  Ui  Ui 

© 

Z  3 

z  z  © 

3  Z  Z 

O  fr-  u 

U 

z 

Z  ©  3 

U  Z  H 

z 

K  K  K  » 

Z  X  K 

z 

u 

M  X 

3 

O  M 

Z  3 

© 

o 

ui  k  a 

i  ©  a 

o 

Z  © 

1  © 

M 

Ui 

1  Z  M 

o 

UJ  fr. 

1  z  o 

z 

o 

1  ©  o  z 

3  »  z 

u 

i  uj  a  z 

UJ  frH  > 

z 

1  z 

O  Ui 

-J 

1  Z  X 

o  ui 

-J 

©  z  3 

Z  u-  Z  fr- 

SU3 

z  co  -J  ae 

Ui 

Z  fr*  z 

X  z 

Z  z  Z 

Ui 

1 

ZUIlcO 

©  HZ 

1 

z  ©  »-  o 

O  0  Z 

1 

z  u 

©  fr-  UJ 

1 

z  z  © 

o  z 

CO 

Ui  ©  3  Z 

K  Z  Z  UI 

UJ  ft  X  fr- 

MUZZ 

Ui  0 

M  M  Z 

y  ik  uj 

M  O  u 

3 

UI 

J  ©  Z  Z 

fr-  X  *  CL 

UI 

Jt  Jl 

fr  J  fr  M 

UI 

-J  o 

K  ©  © 

UI 

-J  ae  fr- 

>-  u  u 

«L 

©0X0 

3  Ui  O  Ui 

0  O  Ui  o 

3  m  ©  Z 

-J 

0  Z 

3  O  m 

u 

0  M  z 

3  Z  M 

K 

O  Z  z  u 

•J  z  u.  z 

fr- 

ouzo 

J  3  UI  Z 

fr- 

o  z 

u  z  o 

fr- 

©  Z  M 

U  frx  3 

1 

M 

z 

o 

M 

z 

e 

M 

z 

o 

M 

z 

o 

1 

K 

z 

© 

K 

z 

Ui 

fr- 

z 

Ui 

K 

z 

© 

m 

M 

O  «H 

X  ® 

3 

u. 


I 

£ 


*  ^ 

x  tv 


V  o 
at 
u  a 
> 
ph 

u» 

>  V) 

K  «-> 

X  X 


Q  ►- 
Q  U  UJ 
x  et  co 
x  X 
A  UJ 
l/)  t  K 
a  O  X 

■<  u 
-I  a 

(fth  J 
KUO 

UJ  0.  o 
a  »- 


M  PH 

SS* 

I  U  (*- 
a  a 
x  x  © 
J  h  u 


a 

O 

X 

X 

O 

U 


X  ^  o 

J  UJ 

1  JO 

3  K- 

X 

HI  X 

H*  -J 

a  u.  o 
-J  X 

u.  m  k 

O 

ph 

a  uj 

Ul  UJ 

o  X 

to  o 

o  o  «| 

UJ  to  X 

UJ 

HI  QC 

(9  X 

X  -J  • 
x  a  a 

WHO 

-J  H- 

u 

X  UJ 

X  X  J 

o 

x  ►-  © 

X 

U  P- 

K-  X 

KU«* 

W  3  P- 

UJ  # 

*  X 

Ohm 

X  X  cv 

VJ  O 

HI  UJ 

>-  IH 

UJ  3  X 

O  ph  a 

a  • 

x  a 

a 

X 

id  a  ui 

O  JM 

Ul  x  to 

UJ  X 

t- 

o 

X  x  »- 

►“ 

CD  w  U 

X  E 

x  a 

►H 

-J  3  x 

KJ** 

X 

X 

© 

K- 

U.  E 

H»  O 

J  UJ  X 

uj  uj 

z  u 

u 

3  a 

3  O  UJ 

JNZ 

a 

HI  V 

3 

o  x  x 

• 

a 

-i 

UJ 

u 

UJ 

3 

o 

X 

X 

UJ 

O 

o  X 

UJ  x 

PH 

UK* 

P-  X 

KJ 

w  a  o 

X 

HI  ► 

X 

X  X 

X 

x  a 

a  uj 

X 

x  e  « 

u 

o  X 

X 

o 

X  X 

UJ 

HI  HI 

-J  K- 

*  a 

uj  a  o 

P- 

X  X 

_J 

X  UJ 

J  X  UJ 

X 

a  a 

3  X 

o 

O  X 

W  K- 

x  x 

Ul  X  UJ 

-J  X 

KKH 

X  o 

X  o 

X  > 

-J  X 

a  u. 

i-  a 

PH 

X  X  UJ 

UJ  X  • 

U  W  UJ 

U  K- 

O  3 

x  uj  a 

ph  a 

x  • 

0  0  3 

x  ►-  a 
x  *-« 

UJ  * 
O  X  X 
UJ  ►-  u 

a.  uj 

O  O  K* 
-J  *- 

uj  a. 

>03 
UJ  Z  I 

o  x  ► 

X 

I  00  . 


a  o  > 
►•at  J 
JU.K 


ttUh 

HMQ 


uj  x  to 

attLH 


u 

<v 


OKI  • 


*  *-  3  X 

K«NO 

WUII 

«o<o 

N^KU 
<KmU 
o  P- 

I  u  U 

*  e 
x  x  o  x 

UJ  UJ 

JXWU 
®  »-  Vi  3 
0  0  3  0 


9 

J  «■*  U 
X  UJ 

9(4Ulk 
P-  -J  X  O 
U  J  J 
<UJ4h 

U.  o  u 

3  0  0. 

«M  • 

X  H  ►  N 
►  > 

I  JMU 
O  J3 
*  r  h  e 
O  >  CD  X 
null 
p-  uj  x 

9  JKUi 
JUUB 
O 

Vi 


Vi 

UJ 

-J 


00  o 

PH  X 

X  u. 


UJ 

X  o 


O  X 
o  p- 


USZ 
O  O  o 


(IUK 

3  o 

UJ  O  X 
X  o  ♦- 
►-  X 

X  X 

I 

UJ  UJ 
X  O  ^ 
Oh  O 


-J  X  o 
o 
00 


O  JX4 
X  -J  X 
x  x  o 
O  K  W  X 
U  tfl  K  O 
X  X 


<  hul 

hODM 
X  UJ  X  3 
UJ  X 

0  3*0 
0-  K  X 

I  O  U.  M 

X  X  UJ 

x  x  x  a 

UJ  3  O 
JIKK 
X  X  HI  O 


x  x  a 

O  Q  X 

H  X  UJ 

h-  X 
X  UJ 
u  o  00 

HI  3 

KJX 
CD  J  H 
X  M 


I  >  X 
X  x 
*►-00 
O  00,40 
HSU 
KOI) 
3  X  UJ 


<0 


UJ 

K 

a 


X 

o 


M  *0 
UJ  UJ 


K-  O 
X 
o  u. 
UJ 

K  01 


X  H 

x  a 

o 

X  X 

x  a  • 

o 

x  o  -j  a 

-J  p* 

3  a  «j 

a  * 

PH  •  X 

o 

PH 

P»  X 

o  Ul  u 

X 

U  PH  M  J 

ui  x  o 

-j 

a  x  x 

PH  UJ 

a 

U  UJ  o 

a  x  x 

3 

a  u 

PH  u  u 

X 

3  X  UJ 

3  UJ  X 

u 

UJ  PH  PH 

K  X 

_J 

x  a 

-J  ©  x 

a 

3 

p-  o  x 

X  H»  X 

X  x 

u 

X  UJ  X 

a  o 

o 

O  PH  PH 

O  HI 

q  a 

x  x  u. 

p- 

x  .j  a  x 

>  O  X 

p- 

a  uj 

UJ  X 

o 

UJ  X  o 

o  h  a 

X 

X  X 

E  0.  X 

X 

©  «J  X 

O  X 

a 

a  *- 

>  X 

>- 

K-  O 

K  U  UJ 

o 

PH  O 

X  UJ 

UJ 

XXX 

X  E  > 

►  W  X 

X  o 

X  x  E 

3  A. 

PH 

a 

O  UJ  P- 

X 

X  E  O  O 

UJ  O  X 

e 

X  X  E 

pH  w 

UJ 

MS3 

o  o  > 

P- 

P-  PH 

U.  O  X 

o 

a  x  uj 

X  O  UJ 

<e 

X  X 

X 

X  PH 

WOK 

X 

X  X 

X  *H  PH 

X 

x  a 

-J  X 

a 

X  3 

UJ  UJ 

PH 

a  ©  X 

k-  at 

w 

UJ  x 

PH  > 

E 

KOK< 

X  UJ  X 

X 

a  uj 

a  k 

-J 

K»  X 

x  a  -j 

PH 

E  X 

o  a 

o 

x  a  _j 

a  3 

X  P-  X 

X 

a  k- 

o  o 

X 

3  X 

UJ  X  X 

o 

O  X  ph  X 

a  uj  o 

X 

©  X  • 

J  u 

a 

X  K  ph 

woo 

a 

w  © 

O  X  »H 

UJ  X  3 

w  x 

a 

►  way 

mJ  PH 

X 

X  -J  ^ 

►-  p- 

X 

o  u 

PH  X 

-J 

a  a  uj  © 

D  K  W 

UJ 

X  X  KH  > 

PH  X 

o 

3 

N 

u. 

o 

>  •  3 

UJ 

3  UJ  X 

a  x 

90  XM 

3  a 

-j 

a  u  • 

a  •*  a  • 

a 

o  a  ►* 

X 

x  a  x 

H  O  K 

X 

u  x  h  a 

X 

KHW 

ph  a  3  k 

UJ 

o  x 

KMU 

X 

a  w  o  u 

X  K- 

o 

PH  E  X 

a  x 

o 

XU.  W 

p-  a  o  x 

> 

P-  PH 

x  a  x 

X 

P-  ►-  O 

x  a 

X 

JOIkU 

o 

UJ 

W  Ik  u 

J  PH  UJ 

PH 

X 

>  u. 

x  X  X  X 

u  o  X 

uuox 

o  ► 

p- 

SMU 

U.  XX 

a 

a  3 

J  J3 

a 

y  a  k  x 

Ul  UJ  PH 

a 

¥  K 

X  J 

X 

O  O  PH 

o  a  x  x 

o 

►  ► 

-1  X  X 

UJ 

x  wo 

kku 

o 

t  uj  a  uj 

p-  p- 

-I'M  X 
X  U  N  ► 
U  X  X  -J 
WKHX 
P-  X  UJ 
M  IUU 

x  v>  x  o 

WOK 
N  «D 
►  KWh 

X  •»  X 


I  Kceo 
u  UJ  X 
X  X  >  UJ 
UJ  x  UJ  X 


JUXK 

X 


o  o 
X  «H 
Ph  X 


u  o 

X  I- 

K 

> 


‘  o 

►  UJ 


X 

o 

X 


o 

n 


© 

u 


♦ 

tv 


CONVENTIONAL  ANO  UNCONVENTIONAL  APPROACHES  WILL  BE  PURSUED 


COMPONENT  —  MISC  COMPONENTS  (CONTINUED) 


00T 


o 

b-  Z 
© 
u 

Dh  • 

a  2  to 
u  h- 
»-  »-*  </) 
to  2  o 

O  CD  O 

u  «■ 


O  < 

Q  X 
H-  CL  tel 


a  co  o 

3  U 
60  . 


a.  3  2 
SCDU1 
o  M  Ui 
U  QC  CD 


to 

UJ 

60 


O  2  t) 
0CHO 
Ok  a. 


£(DH 
O  Z  60 
AC  wO 

u.  o  o 

-J 

«fl  o  ► 


u.  ac 

-J  Ui 

2 

O  60  z 

O  UJ  o 

3  Ui  Z 

<0  o 

z  ♦-»  2 

0(0  1- 

2  O  M 

3  »  2 

Utf  u 

2 

Z  Ui  ao 

3  o 

220 

2  O 

0C  >-« 

03K 

O 

N*  I-  2 

z 

2  0  2 

Z  60 

»-  60  ac 

3  CO  2 

< 

ac  «-i  _i 

z 

*«4 

*  2  2 

60  2  O 

2  60  X 

_i 

3  to 

ac  ui  ui 

ac  to 

(0  Ui  UJ 

Ui  X. 

I-  Ui  Ui 

CO 

K 

K  O  I 

H  h  flC 

(O  Ui< 

2  Z  >■ 

>-  a.  o 

60  2 

O 

U  1  u 

(/)</)< 

60 

HOI 

2  2 

2X2 

a.  uj 

Ui 

3 

2  z  *» 

3  >• 

Ui 

2  *-• 

-J  2  «J 

2  w  2 

X  > 

z 

z  a> 

ac 

2  O  X 

0(0  1 

oc 

UJ  2  60 

o  60 

o 

2  3 

2 

2  CJ 

►- 

3  O 

2  O 

3 

2  Ui 

o  *-•  ac 

2  O  60 

X  o  u> 

-J 

10 

Z  2 

•-*  O  m 

2 

ozo 

2  t>  LJ 

O  2  _J 

O  _» 

u. 

a. 

2  U. 

Ui  z 

U 

u  ac  2 

C/J  CD 

U  2  UJ 

2  O 

o 

u 

z  o 

x  2  ;■ 

3 

Z  ©  2 

-i  2  M 

60 

Ui  2 

©  2  2 

2 

UJ 

H* 

00  u 

ac 

ou.cc 

«*  u. 

Ui 

60  ac  2 

O 

2 

2  »- 

60 

X  to  -J 

W  60 

2 

U  H  UI 

>-•  UI 

ac 

o  U 

UI  CO  60 

2 

UI  Z 

(9  0  3 

o  JK 

(0 

2  -J 

u  ac  o 

3 

2  m 

(/)  H  Q 

z 

z 

►- 

o 


O 

00  Ui 

UJ  • 

2 

a  o 

X  3 

2  UJ 

69  H 

O  I 

2  (J 

2  60 

X  3 

2  2 

2 

*-*  -1 

ui  2 

uj  m 

♦-  60 

2  2 

2 

2 

2  2 

2  60 

O  UJ 

Ui  Ui 

a  2 

CD 

2  2 

•x  2 

o  o 

U.  UI 

o  u 

UI 

2  2 

to  ao 

2  -i 

3 

UJ 

-J  2 

O  I 

3  O 

2 

O  Z 

2 

o 

o  o 

Z  to 

O  2 

2 

z 

Z  X 

2  © 

it 

Ui  2 

2  60 

z  *- 

Z  Ui 

60 

2 

6®  2 

tfi  3 

2  -4 

Z  2 

2  2 

u 

2  O 

2  3 

3  Z 

2  2 

2  2 

2  2 

U  Ui 

O  60 

«  Z 

a. 

2  2 

2  Ui 

3 

O  Z 

z  o 

V  2 

2  2 

Z  2 

Z  Z 

*<  2 

2 

2 

2 

2  2 

60 

O  2 

X  2 

t>  Ui 

o  z 

2  CD 

O  2 

J  n 

z 

2  2 

2  u 

2 

UI  2 

2  60 

z  2 

60  3 

60 

Ui 

2  2 

3 

•1 

i  a 

1  2 

o 

O 

z  z 

z  z 

o 

Ui  2 

H  X 

•J  Ui 

X-  o 

CD  Z 

3  2 

O  2 

-J  X 

2 

o 

1 

* 

a 


PROBLEM  -  CURRENT  COMMERCIAL  PRACTICES  ON  FILAMENT  WINDING  ARE  EXPENSIVE 


K 

O 


ac. 

3 


o 

3 

Z 

ui 

Ui 

3 

©  -J 

X 

to 

>- 

3 

3  _J 

3 

3 

3 

3 

3 

O 

2  3 

M 

a 

O 

3 

2 

3  2 

>-  o 

Q  Uih 

3 

2 

MR 

3 

3 

z 

U>  2 

Z  CO  o 

3 

3 

3 

• 

©  X 

©  © 

O  •— 

3  z 

•  3 

3 

©  • 

© 

©  © 

3 

O  3 

o  a 

2 

iL  IO  O 

•  X 

3  O 

Z 

3  PR 

> 

3  X 

o  z 

UI  <  Ui 

O  UI 

to  Z 

3  O 

o 

O  X 

MR 

3 

X  3 

>  u  a: 

z  3 

QC  M  O 

3  X 

3 

3 

© 

3 

X  CL 

Ml  < 

z  x  ac 

O  to  H 

3  3 

3 

2  -J  _l 

2 

3  • 

U  X 

CO  z 

o  cc  < 

O  3 

3  3 

3  3 

3  3 

3 

©  © 

Ui  Ui 

zoo 

h  U  h 

0  0  2 

3  Z 

>  2 

3  3  3 

3 

3  2 

3 

Ui  Ml  2 

to  QC  MR 

3  3 

© 

3 

©  ©  © 

X 

O  3 

u 

KWh 

3  Ml  3 

U  0  > 

©  2 

X  3 

0  3  3 

3 

3  Z 

©  o 

X  ©  J 

3  3  hr 

3  2  2 

O 

3 

3  0  3 

u  ac 

H  QC  O 

3  z 

>  MR  O 

3  Ml 

©  O 

©  ©  2 

3 

©  o 

2  Ui 

3  O 

3  UJ 

Mi  3  O 

O  3 

Z  Ml 

Z  3  MR 

3 

2  3 

3  to 

o:  jk 

©  3  © 

QC  O 

O 

O  3 

X  3 

3 

3 

O  HR 

O  3 

LMZ 

o  >■ 

o  © 

3  O 

O  ©  3 

Z  O 

Z  X 

cd  a.  a 

CO  MR 

W  K  10 

©  o 

3  3 

3  X 

© 

Ml 

3  o 

3  z 

ZOO 

3 

X  o 

3  3 

3  Z  © 

© 

©  3 

31  3 

-1  •  3 

O  0.  3 

3  ♦  Z 

3  3 

a 

O  3 

Z 

3  © 

0. 

to 

mi  z  ac 

<  3  ac 

3  3 

3 

©  0  3 

3 

3 

3 

to  2  to 

3  0  3 

1-3  0 

Z 

© 

3  3 

Z  3  2 

© 

3  -1 

Z  3 

3  0  3 

0  0  3 

3  0  3 

3 

3 

3  © 

3  3  3 

© 

3 

oc  a- 

UJ  o 

to 

MI  Ui 

3  3 

o  3 

a  3 

z 

©  3 

3  O  X 

3 

O 

3  3 

Z  X 

Ui 

©  3  3 

a  2  a 

o  o 

X  © 

3 

3  3 

©  1  © 

z 

3 

©  3 

3  (0 

ac 

_J  <  Ui 

O  MR 

3  3 

O  MR 

Z 

3 

3  Z  3 

3 

©  CL 

mi 

3 

Ui  ac  X 

ac  ac 

3  © 

z  z 

o 

3 

0  0  3 

2 

Z 

3  © 

3  3 

3 

z  u< 

a.  u  © 

3  2  3 

©  o 

3 

3  O 

3  0 

O 

© 

O  © 

U.  3  • 

u 

3  Q.  cC 

to  u. 

H  H  3 

3  2 

Z 

O 

3  3  X 

3 

PR 

3 

X  (O 

3 

a  o< 

QC  3 

3  Z  tO 

O 

O 

Z 

©  3  3 

Z 

z 

Z  U. 

z  ©  to 

3 

a. 

o  a 

3  ac  m* 

o  o 

o 

3  © 

Z  O  © 

o 

3 

O 

HZUi 

3 

X  Ui 

Uccu 

3  0© 

Z  3 

Z  3 

3  Z 

o 

z 

3 

=5  U 

to 

U  K  J 

O  IN 

Z  3  © 

3 

3 

3  3 

Z  3  3 

© 

©  Z 

3X0 

Ml  3  X 

3  U.  3 

O 

©  • 

3 

z  o 

3  3  • 

z 

mi 

o  o 

z  ac 

X 

2  0  3 

*  z 

3  3  3 

•  3 

3 

3  © 

3  0  3  Z 

© 

3 

-1  3 

UI  □  CL. 

u 

a  o 

<  »M 

O  X  Z 

3 

© 

o  o 

X  3  ©  3 

3 

a 

O  3 

z  z 

Ml 

z  o  ac 

©  ©  3 

3  ph 

3  © 

3 

3  O 

3  3  3 

z 

©  © 

Z  3 

0.40 

a 

<  3  UI 

to  Z  CL 

3 

3 

O 

3  3 

Z  X  © 

3 

Z  3 

X  o 

o  z 

o 

to  3  z 

UI  3  O 

©  3  3 

3  3 

© 

>  3 

a.  i  ©  3 

z 

3  3 

O  3 

J  •  3 

z 

z 

O  UJ 

mr  ©  ac 

O  O 

3 

3  Z 

0  3  3© 

© 

Z  3 

3  3 

Ui  X  o 

< 

ao  to  o 

y  mo 

z 

©  3  3 

3  X 

3 

O  MR 

3  m  x 

mi 

3  3 

3  3 

>  ac  z 

to 

c  uu 

z  z 

3 

Z  3 

3  3 

© 

U  3 

3 

X 

3 

UJ  4  N 

o  x 

©  < 

MR 

0  3© 

>  3 

3  3 

>333 

O  3 

Z  3  a 

o  z  a 

CD 

0  3  3 

>-  z 

z 

U  O  QC 

3 

Z 

X  X 

3  0  3 

3 

3  © 

O  © 

z 

z 

3  3© 

ID  MR  O 

3 

Z  3 

O  X 

o 

3  3 

O  ©  3 

o 

Z 

3  3  3 

3  3  3 

o 

Ui  03 

O  O  UJ 

M 

©  MR  O 

0 

3  3  ac 

3 

3  X  Z 

Z  O  2 

u 

z  z  • 

-J  ©  3 

H 

3  3 

3  © 

3 

Z  3 

mi  3  3 

o 

3  3 

3  3© 

Ui  Ui 

► 

O  Ui  z  Ui 

©  3  < 

3 

3  1“  Z 

3  * 

3 

3  O 

3  3  0  0 

z 

O  0 

O  O 

O  »Z 

Ui 

If  ow 

z  o  ac 

3  3  0 

Mr 

O 

3 

3  O  1 

HR 

Z 

PR  ©  O 

Ui  •  < 

z 

U.H  3 

X  Z  Ui 

3 

3X0 

a  © 

1 

© 

2  3  0  3 

z 

©  © 

3  3 

ac  to  «j 

o 

U  O  3 

O  MR  z 

O 

3 

3 

z 

3  © 

3  > 

3 

o  z 

0  X  © 

•  3 

X 

o  o  3 

3  3 

3  3 

3  O 

o 

O  Z 

3  3  3  3 

O 

o 

3  3  3 

IkSlt 

o  3  ac 

3*0 

3 

Z  3  3 

O  3 

0 

Z  3 

0  3  3  3 

3 

X  3 

3  3 

o 

u. 

Z  2  o  < 

to 

a. 

r  w  r 

3  3 

3 

3  Z 

3  ac  o 

3  > 

©  3 

Ui  UI 

o 

©303 

X  3  3 

to 

3X3 

-9  X 

3 

>  MR 

©033 

O 

3  3 

X  3  3 

SXX 

h  o  a  h 

to  OC  © 

3  3 

O 

O 

O  3 

©  Z  3  3 

3 

Z  © 

©  Z 

UI  3  3 

z 

f  Z  L  J 

Ml  3 

X 

OC  UJ  3 

3  Z 

3 

3  3  Z  O 

3 

© 

3  3  0 

CD 

o 

3  ©  MR 

3  H"  3 

o 

MR  ©  Z 

3  a 

X 

3 

3  1  3 

© 

3  3 

-1  z  z 

Z  z  u 

3 

UffllOC 

0  0  3 

z 

«o< 

MR 

PR 

3  X 

Z  3  3 

3 

z  o 

0  0  3 

©30 

to 

3  3 

<3M 

3 

3  C 

©  z 

3 

Z  3 

©on 

mi 

3  X 

3  3 

z 

3 

QC  Ui  o  oc 

3  0  a 

CL 

3 

►R  3 

3 

3 

3  MR  3 

3 

3  3 

3  Z  © 

19  3 

ac 

oq  ac  3  o 

to  3 

zoo 

X  3 

3 

O  O 

X  3  a  3 

3 

3 

©03 

<23 

3 

<OZIL 

3  tO  tO 

O 

3  UJ  © 

3  M 

Z 

3  3 

3  0©© 

3 

©  Z 

3  0© 

3  Ml 

_j 

IL  UN 

K  • 

z 

Z  O  3 

3 

1 

3  © 

©  3  3 

3 

U  3 

© 

t  h-  J 

3 

1  M  w 

»  X  3  © 

R 

3  X  • 

1 

MR 

PR 

1  ©  Z  mi 

© 

1  3  O 

3  3 

0. 

10  2  3 

O  M  2 

to 

1  3  to 

© 

0 

1  3 

O  3 

© 

1  3 

Z 

S  Z  CO 

M  O  CD 

z  MR  3  PM 

a  •  a 

z  z 

3 

Z  3  Z  > 

3 

Z  3  3 

0  3  3 

1 

E  1  U< 

©  a  z  oc 

1 

Z  •  3  O 

©  PR 

1 

Z  3 

0  3  0© 

1 

Z  3 

0  3  0 

h  (9  X 

Ui  Ui  3 

M0<0 

UI  3  O  X 

MR  Z 

3  3 

3  3  3 

3  © 

3  3© 

3  M<  UI 

Ui 

3  <->  QC  M* 

M  Z  <X  O 

3 

«J  O  CO  3 

3  3 

3 

3  3 

3  DC  Z  3 

3 

mi  a 

3  3  0 

D  *  J 

.J 

0  3  ©  3 

3  X  X  3 

3 

0  3  3  3 

©  O 

3 

0  3 

©  o  o  z 

_J 

0  3 

©  PR  3 

J  o  u. 

3 

o  U-  u.  to 

3  <0  0.  U. 

3 

O  ©  3  Z 

3  3 

3 

O  3 

3  3  0  3 

3 

O  3 

mi  «  3 

o 

►4 

ac 

O 

MR 

3 

O 

MR 

3 

O 

3 

3 

© 

© 

3 

& 

to 

M 

3 

© 

3 

3 

© 

3 

3 

© 

UJ 

oc 

<  © 

CD  _J 

H 

X  -I 

OC  UJ 

o  ai  w 

Ot-2 

0X3 

U.  »-<  O 

>-  O 

X  *-> 

UJ  O  OC 

u  a  h 

X  ft 

QC  x  o 

ou< 

O  Ct  3 

X  z 

o  o  o 

o  o 

o 

X  X  UJ 

j  o  a 

k-  U 

<  2  a 

ft  a  ac 

ce  x 

3  uj  o 

13  • 

CL  u 

►—  CO  tO 

a  < 

UV)U 

UJ  IE 

©  X  •-* 

Z  to  o 

cr  _/  >- 

w 

HUM 

OX* 

tO  IH 

X  u  u. 

a  a: 

O  JE 

<  UJ  UJ 

o  a. 

CL  H* 

z  » 

m  a  tj 

UJ  O  UJ 

<  o  x 

m  u  > 

X  a 

x 

a  u  < 

J(£3 

w  z 

-J  O  O 

a.  •  o 

I-I  oc 

o  to 

3  0  0 

jua 

UJ  *-• 

UJ  K  UJ 

h-  »  X 

>  3(£ 

ft  OL 

UJ  ►—  ►*« 

z  3  • 

□  UD 

3  U  UJ 

3  CM 

<J 

zcu 

O  X  < 

u  »-  ac 

Z  QC  -J 

UJ  to 

o  .a. 

W  U  H  t 

X  3  Z 

o  o  o 


-J 

I  Z  H 

ft 

o  z  o 

3 

to  *■« 

o 

3 

<  < 

f 

u  u. 

U 

Q 

u 

X 

O  to 

X 

X 

X  x 

o  to 

x 

X 

H 

X  CL  UJ 

h- 

X  H» 

x 

X 

*- 

o 

x 

©  Hi  Q 

U 

»-  -J  o 

o 

UJ  x 

u 

x 

IL  3  H 

"5 

UJ  3 

u. 

o  X 

> 

o  x 

x  to 

© 

ft  oc 

UJ 

Q  LI  H 

at 

UJ 

z 

X 

X  o 

X  UJ 

UJ  >- 

UJ 

_J  at 

kN 

X 

H  fit 

b* 

o 

k-  ©  «J 

• 

k- 

< 

N 

to 

o 

>■  NH 

X 

X  Z  © 

© 

C 

z  to 

IM 

-J 

x 

-1  X 

o 

X 

x  i-i  a. 

Z 

3 

O  -J 

z> 

UJ 

o 

f- 

-J 

O  CL 

►H 

kN  u 

u. 

z 

UJ 

Q.  J2 

^  x  o 

a 

a 

k-  Z 

< 

a 

*u  X 

H 

X 

3  X  UJ  3 

-j 

Z  X 

X 

o. 

N 

x  Z 

f- 

x  to  X 

u 

4J 

UJ  X 

< 

X 

UJ  o  O 

3 

X 

> 

J 

©  ►“  ►* 

x  z  o 

a 

O  H  U 

Z  O  X  b- 

<ik 

z 

o  J  X 

Z  X  V) 

■  K 

X 

-J 

13  0  0 

©HQ 

X 

1  <  z 

k  a  o 

INK 

2Z3U 
OH  tO 

1 

»-  o 

X  UJ 

WHO  I 
JJUtf 

h  x  UJ  3 
h  fit  or 

u 

UJ  c  o 
-J  Z  UJ 

0D3ZN 

3  O  O  UJ 

-J 

CD  o  to 

O  X  NN  x 

J  U.  O  CO 

O  Z  3 

X 

o 

k* 

X 

a. 

V) 

k- 

a. 

ui  >  z 

k*  >  * 

»  X 

►H  X  k- 

w  < 

Z 

to 

</)  >-  b- 

UJ  Z  3 

Z  -I  CO 

-J  »-•  o 

a 

U  J  o 

to  X 

-J 

X  X 

x  z 

X 

XHO 

X  o  ► 

•k 

UOH 

3  f*  O 

X 

k-  k-  QC 

X 

uj  ui  a 

U  X  U 

o 

at  x  z 

<  at  X 

k- 

x  x  x 

X  o  o 

k* 

O  X 

3  X  X 

3 

CO  u 

z  x  a 

to 

Z  M- 

x  o 

o  UJ  CD 

cuo 

>• 

kN  X 

Z  k- 

X 

to  H  U 

*  IM 

-J 

at  z 

© 

X 

UJ  x  o 

to  X  UJ 

to 

>  O  o 

X  o  3  • 

0X0© 

o 

jtoy 

•4  ft  UJ 

X  Z  CD 

Z  UJ  z  X 

o 

k-  NN 

-J  X  o 

z 

Z  »“  k-  • 

UJ  CD  ©  k- 

UJ 

UJ  Z  ©  UJ 

X  X  UJ  *< 

© 

X  3  3  X 

-J  *“  A 

UJ 

m  O  X  3 

m  ft 

-J 

XX  k- 

UJ  X  © 

1 

UJ  to  U 

X  >  z  o 

k* 

X  UJ  UJ  3 

k- 

X  X  X  X 

X  at< 

-J 

WkUH 

►  3 

3 

»-  to 

1  JHM 

X 

1  UJ  P4 

W  U  ► 

©  3  UJ 

z  z  <  x 

1 

X  3  ©  X 

O  H  (l  J 

UJ  X  k- 

u*  k-  3  X 

UJ 

«l  U  O 

h-  3  Z  © 

« J 

00  W  Z  X 

3  O  X  ku 

h- 

O  B<  Q 

-J  X  X  o 

M 

X 

o 

k- 

X 

© 

■Jf 


103 


HWPMprfu;;,)  I., t- 


...  , jgfp&’gip. f f  ’ 


-J  o 
w  w 
©  > 
«  o 

w  at 
VO  _|  CL 

a:  a  r 


ae 

Ui 

►“  X 
<  K* 

a  a 
x  w  o 

to 

►- 

Ui 

»“ 

UJ 

a. 

ae  a 

at  ©  z 

z 

o 

©  Ui 

<  U  o 

u 

ae 

UO.M 

© 

*-« 

U.  w 

©  ©  ►- 

z 

o  i -  x 

©  ■«  3 

©  a 


a 

Ui 

Ui 

o 

o 

VO  u 

Ui  © 

© 

W  z 

X  x 

z 

Ui 

X  Ui 

© 

W  W 

O  O 

z  to  X 

W  3 

z 

3  >“ 

w  UI 

H  V)  H 

a  © 

Ui 

©  Z 

»-  K 

Ui 

ui  •  ui 

X 

Ui  Ui 

o  u 

u  O  M 

©  ©  © 

© 

x  *- 

©  Ui 

©  O  UJ 

Z  © 

z 

o 

O  _J 

w  X  © 

X  X  Ui 

UJ 

*-  x 

O  Li 

>  X  o 

>  M  U 

3 

© 

ae  © 

X 

o  x  z 

© 

X  Ui 

a 

Ui  o  © 

X  Ui  X 

U  X 

X 

V)KV) 

w  X 

» 

z  *- 

U  o 

X  X  3 

► 

Ui 

X  U. 

X  W  * 

KCV) 

© 

Ui 

W 

o  J  w 

M  © 

K 

y  q 

to 

u-  ©  Ui 

3  Ui  X 

UI 

X  #-* 

ae  x 

© 

O  VO 

to 

z 

H>  > 

o  x 

w 

a  w  x 

a  uj  ► 

Ul 

o 

U.  Ui 

X 

UI  U.  UI 

UI  X  K 

©  X 

© 

Ui 

z  li.  X 

©  >-  W 

X 

z  a 

Z 

X 

ZhU 

a  © 

u 

M 

o  >* 

© 

•«  Q  Z 

3  X  X 

3 

(J  O 

►1  © 

-J  l-i 

©03 

X 

3  Z 

W 

x  a  o 

Ui  a 

a  o 

X  o  z 

X 

X  Ui 

*-  X 

X 

©  a  x 

z 

X 

3  ►- 

a  o  © 

-J 

X  x 

O  MH 

© 

x  w  a 

-J  W 

Ui 

x  ui  o 

ui  x  x 

X 

Ui  3 
>  W 

>  X  © 
Ui  o  ui 

o 

©  •  z 

O  K-  1- 

W 

X  *  • 

X  z 

X  Ui 

X 

3  X  to 

W  X  © 

w 

UJ  ©  z 

X 

©  X  ui 

W  • 

to 

a  z  o 

Ui 

K  X 

1  ©  W  ► 

o 

X  ui 

© 

<  3 

©  VO  X 

© 

1  X  W 

X  O 

Z  z  O  H- 

to 

X  X 

1 

z  uj  ui 

OmZV) 

X 

1 

X  O  3 

ui  x  © 

u»  ae  ©  3 

X 

ui  a  © 

Ul 

J  ►*  o 

w  <  x  a 

Ui 

Ui 

©  z  x 

-J 

©  X  X 

3  Ui  w  Z 

© 

© 

©  UJ  > 

►- 

o  x  a 

JffiQM 

w 

o  a  uj 

Ul 

X 

O 

1 

lu 

X 

t- 

a 

to 

1 

w 

a 

«% 

•H 

►“ 

© 

* 

z 

Ui 

H 

z 

K 

o 

%* 

»-  X  3 
M(4hO 
V)  UMUI 

u  a  a  u 
z  i  o 

Q2U0C 

Q  o  2  a. 


J  JHH 
N0Q«Z 
XOM 


u  *.  W  « 
ui  >  o  u. 
3  x  © 

O  W  X 
X  ©  W 
M  JO 
w  X  O 

I  w  3  ♦- 

X  O 


H-  ►*  O  *- 
3  X  X  O 


X  O.K 

©  ©  >- 

O  3  ©  W 

©  *  © 

ui  z  *-*  z> 

X  V)  u 

W  W  <  M 

43  JWlL 

Z  X  QC  U. 

©  mOh 

h.  mzo 

Ul  *-* 

to  h-  UJ 

X  X  ©  x 

©  X  Z  W 

N 

X  K  t  (A 

©  X  ©  X 

u.  uo 

©  Ul  • 
to  ©  w 

X  UJ  * 

X  KUW 

Ui  3  X  W 

©  »-  X  X 

<  o 
v  ae  vo  o 

©  u  x 

z  aw*. 

©  E  40 

©  UK  J 

©  »-  K  J 


to  o 

W 

T  Ul 

VO  x  © 

3 

U 

ui  a  z 

© 

9 

©  o 

©aw 

X 

Ui 

*-  X 

o  X  X 

Ui 

X 

©  a 

X  3 

© 

© 

a  w  w 

X 

» 

©  © 

©  © 

© 

Ui 

z 

Ui  UJ  X 

> 

Ui  W 

a  ©  a 

► 

w 

©  X 

X  3 

© 

to 

3  © 

X  ©  z 

z 

O  Z 

©XX 

to 

Ui 

Ui  Ui 

»-  X 

X 

a 

X  3 

w 

X 

X 

a 

UJ  VO  _J 

Ui 

Ul 

-j 

z  ►-  -i 

© 

©  UJ 

Z  3 

© 

W  X  i 

x  ui  a 

a 

w 

3  U  , 

x  © 

o 

• 

ae  ©  to  a 
Ui  to  ui  X 


u 

o 

uj  ae  x 

Ui 

3  w 

o  o  © 

o 

X 

ouu 

O 

Ui  x  x 

a  x  w 

3 

a 

to  w 

3 

z  o 

a  3 

O 

t  W 

© 

# 

a 

i 

a  Ul 

Z  ©  X 

a 

i  a  w 

O  UJ 

Ui  W 
Z  ©  © 

1 

X 

Ui 

o  a  © 

w  ^  | 

i 

X  ©  X  • 
U  H  K  H 

O  x  UJ 
w  a  3 

a 

mJ 

*-  ©  z 

w 

©  ©  to 

K  X  o 

-J 

CD 

3  w  O 

© 

a  ui  o  © 

3  3  X 

w 

O 

©  ©  S 

»• 

o  X  w  © 

©  ©  a 

u* 

X 

o 

w 

X 

o 

w 

a 

© 

w 

a 

to 

x 

-J  z  * 

>  ac  h 

X  x 

3  •  ►— 

X 

CO 

OC 

Z  UI  CO 

X  mi 

< 

x  u 

x  3  x 

a.  u 

3  CO  O 

-J  3 

P 

M 

y  u  u 

CD  0 

x 

o  o  u. 

H  V)  U 

x  z 

ui  ac  x 

UI  N 

z 

X 

1-  X 

M 

HKO 

x  z 

o  o  • 

cc  <  a 

>  3 

pm 

X 

Z  P 

ml  CO 

X  • 

u>  X 

-J  CO 

O  X 

u  X 

u  o 

X 

u 

IN  z  X 

X  40 

P  UI 

O  I  UJ 

UJ  UJ  X 

o  X 

40  CO 

CD 

X 

X 

IN 

X  o 

Z  -J 

^J  ac 

ac  a:  co 

z  ac  UI 

ac 

X 

UJ 

X  N-  CO 

IN  x 

CD 

0X3 

*-<  o 

x  x  ui 

X  OC  o 

-1  UJ 

CD 

X 

o  X  x 

X 

X 

O  « 

iSh 

X  3  0. 

u  y  u 

uj  uj  z 

x  x 

o 

CD  x 

40  UJ 

o 

O  X 

Z  UJ  U 

9 

X  o 

o  X  X 

X  X 

X 

X 

X  • 

o 

z  * 

CD 

X 

u  m  < 

z  y  < 

ac  ac 

CO 

M  UI 

o 

XXX 

P  X 

*«  «M 

ac 

co  < 

UJ  u. 

X  OC 

UJ  co  « 

-1  X  UJ 

a.  at 

Ik 

>- 

CO 

X  X 

z  w. 

X  tH 

X 

< 

ac  > 

X  Z  3 

p 

*-•  ac 

A.  3  uj 

UJ  X  > 

(A 

p 

X 

40  ♦-  3 

p* 

a. 

a 

UJ 

<  < 

o  z 

z 

3X0 

OOP 

>  I-I 

U 

-J 

o 

X 

IN  (O  »- 

O  CO 

UI 

p 

UJ 

a  ac  * 

X 

a 

X 

y  o  h 

u  o 

mi 

mi 

u 

X  X 

z  >- 

x 

3 

p  co 

uj  x  z 

NJ 

UHU 

UJ  ac  u. 

40 

ou  u 

o  « 

X  • 

o 

p 

40  X  X 

•N  40 

«  x 

z 

o 

UJ 

u  u 

3  X  J 

x  x  © 

ac 

UJ 

> 

o  o 

z 

X  X 

X 

u  c 

X 

o 

k-  40 

Z  UJ  UJ 

ac 

0  3  0 

X  > 

X 

-J  UJ  ~i 

UJ  o 

UJ 

X 

m 

X  UJ  X 

P  X 

x  u 

X 

< 

u.  <o 

<  JI 

3 

X 

UJ 

UJ 

x  >  m 

o  ac 

CO  X 

o 

CO 

X  >  K 

K 

x 

z 

<  UJ 

»  UJ  X 

CD 

0*0 

Oil.  J 

p 

ac  x  3 

<  X 

UJ  IN 

UJ 

P  IN  Id 

X  X 

UJ  o 

o 

o 

ac  o 

a 

ac 

UJ  4k 

Z  O  I-I 

x  x  co 

Ik 

CO 

x  X 

►- 

X 

40  I- 

o  z 

> 

u 

z 

o  o 

x  ac  z 

X 

x  UJ 

X  U. 

mi 

a.  nc 

X  o 

UJ 

3  X 

o 

-J  z 

M 

X 

X 

< 

ac  ac 

O  x 

u 

ac  o  x 

woo 

w 

40  «i  x 

3  Z 

3 

a  uj 

p 

ui  x  a  40 

m  a 

u. 

X  & 

o 

ac  u  h 

x  z  ac 

> 

UJ  mi 

CO  < 

P 

UJ  X 

X  • 

p 

>  a  z  x 

P  X 

w 

X 

z  ac  o 

u 

x  o 

u-i  a 

UJ 

z  ac  X 

IN 

o 

X  CO 

z 

X  X  X  X 

X  o 

X  V) 

ui 

X 

HUZ 

ac 

o  o 

OC  o 

as 

IN  p 

UJ  CO 

z 

O  X 

UJ 

*N 

OQ  X  H> 

u  o 

z  <-> 

z 

OC  « 

W  Wn 

3 

o  z 

o  ac  z 

40  IN 

x  ui 

X 

K  O 

X  o 

o 

X  40 

o  u 

X  OC 

X 

o  u 

3  X  X 

X 

►  ON 

z  x  o 

-i 

►  X  X 

h-  3 

o 

X 

X  x 

z 

X  Z  3 

OC 

(A 

u.  x 

J  D 

X 

J  1-  ac 

I-I  x  CD 

x 

ac  o 

P 

UJ 

o 

H-  X 

*N 

X  k-  9  •— 

X  X 

Z 

p 

Ik  X 

OC 

X  ^  3 

ac 

ac 

Hy  y 

O  *N 

K 

«J  UJ 

.  9C 

X 

X  IN  x  X 

UI 

CO  o 

0*0 

u 

Z  o  • 

x  o  x 

X 

uj  x  ac 

►-  z  • 

3  _J 

Cl  5 

p 

x  3  O  X 

a  z 

O  J 

<A  ac 

a. 

uj  x  ac 

CD  Z  O 

a. 

X  U  X 

X  uj 

P 

X  3 

O  co 

X  U*  X 

o  o 

UJ 

o  o 

X  Z  0 

K 

40  X  O  UJ 

X 

CO 

o 

1-  O  X 

z 

Z  X 

X 

z 

40  40  P 

X  • 

z 

z  z 

X  x 

U 

UJ  z  ► 

u  X 

y  o  < 

Z  UJ  IN 

w 

X  z 

UJ  o 

o 

X  z 

X  o  c 

X 

x  z 

OtfH 

X 

1C  X  X  X 

zoo: 

ik 

O  z  *N 

UI 

z 

UI  X 

>  z 

M 

X  O  IN  40 

X  OC 

CD 

UJ  u 

z  ac  o 

&  J  N  J 

x  z  o 

o 

X  X 

X 

o 

>  UJ 

W  IN 

40 

o  UJ  X 

O  40  O 

ac 

C  UJ 

o  o  a 

z 

J  N 

KNt 

X  UJ 

UJ  z  z 

z 

o  > 

a  x 

►N 

y  iuu 

xxx 

3 

X 

o  u. 

P 

40  x  ac  a 

N  x 

z 

x  z  X 

OC  o  o 

o 

X 

u 

UP  z 

k-  ffi 

x 

¥  _ 

uj  a 

M 

NU3U 

o  in  z 

o 

O  O  IN 

3  IN  IN 

o 

OC 

-J  X 

X 

a  z  x 

<  z 

u.  u  z 

3  < 
<o  o  > 

OK  O  O 

<  X  < 

Ui  a. 

<0  y 


HlDN 

P  CL  AC  H 
*  ►  <  « 
x  x  o  3 

N  UI  0 

m  *ac 
K  (4  < 

3MKCI 

a  ui  v)  x 


X  O  2  <M 

A-  r  K  za 

KUDU 
o  u  X  & 

Z  I  ►“  <  K 


OHU  J 
X  u 
X  X  *3  X 


u  X 

40  X  X 

3 

x  o  IN 

X  u  u 

X 

Z  x  X  3 

k- 

P 

X  X 

a. 

X 

k- 

►- 

Z  ►“ 

Z  X  X 

X 

O  X  X  X 

u  X  3 

CO 

O  3  X  X 

►  Z 

Z  X 

X 

CO 

Z 

p 

X 

0  1-0 

X 

X  P  X 

3  >  O 

X 

u  z  x 

X  UJ  o 

P 

X  k- 

CO  o 

z 

X 

o 

X  X 

> 

X  x  k- 

a  o 

X 

xs  CO 

Ck  ►**  *N 

Z 

X  CO 

X 

X 

X 

u 

X  CD  O 

X 

X  u 

XXX 

X  *  3 

a.  x  ►- 

X 

X  Z 

z  z 

X 

3 

O  X  X 

1 

X  IN  z  x 

o 

Z  x 

«  z  u 

ac 

3  x 

o 

o 

3 

3 

u  X 

O  K 

k- 

P  z  o  o 

X 

►“ 

k-  X  U  00 

O  3 

X 

u 

X 

X 

u 

o 

p 

1  X 

K 

1  P  o 

3 

>  Z  ■ 

i  ►-  a 

X 

a 

1  k- 

3 

X 

1  X 

CO  o 

Z 

1  X  k-  X 

X  h- 

X 

1  N  <  N 

3  X 

CD 

1  X 

X 

X 

1 

40 

X 

1 

k* 

Z  Z 

Z  X  Ik  • 
O  1  40 

1 

Z  u  X 

Z  x  X  > 

Z  X 

O  40  X 

< 

40  X  U 

Z  Z  X  3 

Z  <  K 

O 

1 

u 

z  « 

Z  X 

o  o 

1 

Z  X  z 

Z  X  X  X 

z  o  « 

O  X 

X 

X 

X  X 

X  > 

x  z  X  X 

k  U  X  < 

X 

X  o  x  o 

X  o  o  z 

IN  X  X 
X  >  Q 

X 

X  X  X  o 

X  X  u  o 

x  X  X 
XXX 

X 

X  x 
x  a 

X  X 

X  40 

X 

X  3  X  X 

X  9  X  X 

x  X  X 

X  x  X 

p 

X 

CD  O 

3  3  O  X 

X 

0  z  X  x 

3  Z  X 

X 

CD  K  O  X 

3  X  x 

X 

m  x 

3  X 

X 

0  X  X  3 

3  «  X 

X 

O  x 

X  CO  X  P 

X 

o  x  a.  x 

X  x  O 

X 

O  X  «  CL 

X  3  3 

X 

o  X 

X  X 

X 

e  x  a.  u 

X  x  x 

1 

X 

X 

o 

X 

X 

o 

X 

X 

O 

X 

X 

o 

X 

X 

o 

i 

1 

X 

a. 

40 

X 

<L 

CO 

X 

(L 

CO 

X 

CL 

40 

X 

X 

40 

'i 

<73941  TITLE  -  DOUBLE  HELICAL  SEAR  330  375 


•MMMi 


ift 

•o 


X  A 

u  iu  a 


w 

X 

X 

X  o 

x  a 

X  o 

Q 

UJ 

o 

X 

X 

X  X 

o  x 

lu 

X 

o 

X 

X 

'  ■* 

x  X  z 

X  © 

X 

o 

<r 

3 

O 

X 

>  z  o 

u  o 

A 

z  o 

a 

X  x 

X 

xxx 

X 

A  X 

o 

x  a 

o 

z  o 

(ft  (ft  X 

X  X 

X  X 

x  a 

O  3 

oc 

OKU. 

o 

z  ©  x 

A  X 

A  U 

x  o 

O 

a.  • 

UJ 

X 

uj  a  x 

x  a 

X  X 

a  x 

x  x 

CD 

oxo 

XXX 

X 

X  3 

X 

X 

o  z 

UJ  X  UJ 

a 

X  X  UJ 

A  UJ 

X  X 

X  x 

DC  *“• 

X  X 

00  UJ  o 

X 

x  a 

Z 

o 

X  X 

x  a 

> 

X  X  UJ 

X 

©  X 

X  X 

o 

X  X 

X 

CO  X 

CD  Ift  UJ 

(ft 

v  a  x 

X 

X  © 

a 

CD  K 

00  X 

z 

X 

A  x 

X  • 

x  a 

X  X 

lu 

U  00 

(ft  o 

(ft 

a  x 

x  a 

a  x 

3  U 

CO  X 

U  1 

1-4  UJ  CO 

O  x  i 

X  UJ 

a 

o  a 

>-i  CO 

O  *  00 

X  X 

X 

xxx 

o  CD 

x  a 

X  o 

>- 

KOU 

Ift  -J 

o 

o  X 

x  O 

X  3 

X  o 

00  00 

ft.  z  X 

X  o  u 

X 

X  X  x 

X 

X  X 

X 

X 

X  X 

X  K  X 

o 

U  Z  Ift 

X  X 

X 

a  a 

X  >. 

CD  ft.  0C 

u  K  CD 

a 

X  X 

a  x 

•  X 

A 

UJ  or 

z  X 

©  Z  X 

X  X  (ft 

a  a 

A  > 

A  UJ 

CD  X 

H  I  U 

o  x 

X 

X  Z  X 

< 

X  o 

CD  X 

X 

OC  CO  oc 

K  O 

X 

x  ac 

X  z 

A 

z 

a  x 

1-  UJ 

3  3 

3  X 

X 

X 

a  x 

A 

X  o 

x  A 

u.  * 

X  >■  X 

XXX 

X 

A  O  (ft 

X 

X 

©  X 

X 

X  X 

U  CD  H 

00  O  O 

X 

X  X 

X  3 

o 

Z  X 

a.  o 

x  -j 

X  X 

ift  a 

X 

X  u 

z 

o 

X  0. 

a  a 

U  0. 

lu  oo  iu 

O  00 

oo 

(ft  X  X 

X  X 

X 

A 

X 

x 

3  UJ 

UJ  UJ  o 

3  X  u. 

o 

Q. 

A 

X 

x  oc 

z  *-*  z 

z  u  z 

o 

a  3  x 

•  X 

■  X 

X  X 

X  X 

<co 

a  o  x 

X 

Cft  3 

A  lu 

© 

X  © 

u  o 

UJ 

X  X  x 

O  X 

X 

(ft 

CD  O  (ft 

A  X 

a 

X  X 

x  a 

iu  o 

X  to 

X  ft.  -I 

-J 

X 

a  cl 

X  3 

X 

o  z 

X  x 

o 

UJ  UJ  A 

U  O  UJ 

o 

X 

X  X  J 

O  A 

X 

o 

UJ  X 

^J 

X  z  x 

© 

X  u 

X 

X 

O  UJ  X 

O 

3 

X  u. 

z  X 

UJ  X 

X  X  a 

z 

Ift  o  X 

X 

© 

x  X 

X  x 

X 

o 

s 

Q  U 

-J  00 

a  a 

a 

X  UJ  X 

a.  z 

o 

Ift. 

x  a 

O  X 

X  ft.  z 

z 

t-4  x 

o 

X 

x  x  a 

X 

X 

o  A  • 

ox* 

a  x 

Ift  X 

a 

O  X 

o 

X 

x  O 

© 

iu 

A  A 

3  A 

UJ 

MOCK 

o 

z  a  o 

X 

a  x  o 

Z  A 

3 

O  X  z 

O  Z  X 

uj  z 

-J  X  X 

cc 

X  O 

X 

X 

X  X 

x  X 

a 

uuo 

O  X  A 

oc  • 

ffi  u 

u 

0CHH 

o 

O 

©  A  z 

O  X 

X 

X  O  X 

X  A 

3  UJ  Z 

so  CD  UJ 

cd  ift  a 

(ft 

u 

X  A 

MX* 

a 

a.  x  a 

CL  X  X 

J  JO 

x  u 

oc 

x  UJ 

Ift 

M 

ID  ©  x 

xxx 

a  a.  a 

X  o 

h(Dh 

Ift  J  3 

X 

iu  u  a 

X  • 

X 

a  a 

X  3  U 

X 

X 

OXO 

<□  w 

UJ  x  o 

UJ 

O  X  UJ 

O  V 

X 

X  X  x  • 

xxx 

o 

x  z  a 

xxx 

lu  O  CO 

U  UJ 

CD 

X  > 

O  CD 

X 

x  a  3  a 

Z  X  lu 

X 

3  O  A 

x  a. 

Q  x 

J  H  OC 

>*  X  o 

X  o 

a  x  a  x 

A  X 

3 

a.  x  a 

A  o 

©  a 

-J  -1 

o 

Ift  X 

X  X 

X 

ox  © 

X  3 

X 

xxx 

A  © 

Z  UJ  CO 

M  UJ  O 

UJ 

o  x 

o  o 

o 

a  -j  -i  o 

a  ►  a 

u 

3  x  X 

uj  z  a 

M  x  Z 

a  x  x 

X 

-J  x 

x  a 

a  ©  o  x 

A  X 

o  o  X 

O  U  x 

X  X  X 

1 

-J 

O  •  X 

o  z 

© 

X  OX 

XXX 

© 

X 

o  x  a 

**  oc 

KUO 

o 

Z  UJ  X 

X  U 

a 

X  X  X 

JB.Z 

a 

xxx 

X  Z  x 

X  •  X 

o  J  z 

X 

X  CD 

a  u 

X 

-j  >  a 

a  a  v 

X 

©  ffi  X 

a.  a  x 

M  CD 

uj  eft  i-4 

X 

U  <  X 

X 

Q 

X  X  © 

o 

X 

x  X  X 

u 

J  z  u 

">3Z 

z 

XXXV 

X 

X 

a  a  a  © 

x  X  o 

Ck 

z  U.  a. 

X  A  X 

x  z 

o  o  o 

o 

X  A  X  <J 

© 

X 

©  x  x  a 

a  x 

A 

o 

w  a 

w  JU 

KOI 

u 

3  -1  x 

x  a 

X 

X  X  X  X 

x  a 

X  X  o 

a  x 

u.  _J 

X 

X  XX 

o  x 

X 

x  a  x  a 

OOm 

X 

X  >  X 

o  o  X 

x  X  U. 

UJ  o 

X 

Z  O  X  3 

x  a 

a 

a  x  3  x 

x  a 

X 

XxX 

x  z  x 

-J  ft.  o 

ift  o  a 

UJ 

X  X  X  u 

x  a 

x  u  o 

X  X  A 

X 

X  X 

X  X 

A 

NU< 

X 

(ft  O  o  u 

>  o 

< 

>  a  x 

>  X 

X 

z  o  X 

>  ■  x 

UJ  UJ 

X  x 

3 

X  X  o  X 

X  X 

a 

z  a  uj  x 

X  X  A 

a 

X  X 

uj  a  a 

z  oc  o 

X  ft.  • 

X 

X  X 

o  o 

A 

O  x  x  X 

0  0  3 

X 

x  iu  a 

o  o 

X  ©  * 

Ift 

K 

X  o  o 

X 

U  X 

X  w. 

X 

a  iu  x 

X  © 

X 

»  i  a 

© 

XXX 

f  X 

X 

X  X 

f  lu  iu 

X 

X 

X 

i  a  a 

1  (A  c 

UJ  x 

u 

1  X  Ift 

X 

X 

1  X  X  A 

X  X 

X 

lu 

1  o 

1  X 

a  x 

a  z  a 

v  a  x 

a  x 

U  A  X 

a  3  © 

X 

X  X 

*XN 

X  x  O 

O  O  UJ 

1 

X  3  X  X 

o  © 

1 

a  x  3  © 

O  A 

X 

1 

a  a  a 

O  X  x 

UJ  t—  u. 

*-  o 

X  X  V  X 

X 

x  a  x 

x  a 

a 

X  O  3 

XXX 

x  x  ae 

x  w  oc 

UJ 

jElftO 

X  X 

X 

J  X  (J  X 

xxx 

X 

X 

X  o 

X  X  X 

ffi  x  UJ 

3  X  X 

X 

a  o  v  a 

3  X 

X 

A  Z  UJ  Z 

3  X  Z 

© 

X 

ffi  X 

3  A  X 

o  a  ft. 

XXX 

X 

o  O  Cft  M 

x  V 

X 

o  O  ffi  X 

XXX 

X 

O  .X  ffi 

X  ■  3 

oc 

o 

7-4 

X 

o 

X 

X 

o 

i 

X 

X 

o 

X 

Ift 

X 

X 

(ft 

X 

CL 

A 

i 

X 

CL 

A 

X 

oo 

m 

X 

♦ 

© 

a 

a 

Ok 

w 

© 

X 

to 

x 

X 

a 

X 

o 

** 

(7108)  TITLE  -  MFG  TECHNIQUES  FOR  TRANSMISSION  SHAFT  SEALS  135  100 


x 

X 

UI 

Ui 

X 

X 

(0 

z 

O  X 

00 

Ui 

x 

X 

o 

z  z 

u 

x  • 

ui 

X 

X 

x  u 

o 

z 

X  00 

CD 

z 

X 

fr¬ 

Ui 

u 

ac  a 

X 

it.  u. 

z 

X 

o 

X  UI 

as 

00 

o  < 

o 

fr— 

x  a: 

X 

ac 

o 

a  U. 

z 

00 

u  oo 

x 

o 

-1 

o 

Ui 

(ft 

Vi 

o 

Ui 

o  o 

03 

OC 

X  -1 

Ui 

X 

3 

»-  z 

x 

fr-  X 

.J 

X 

X 

x 

z  x 

Ui 

Ui 

X 

y 

o 

X 

Ui  (9 

X 

00 

UI 

O  UJ 

ac 

o 

CD  X 

o 

3 

x  x 

o 

00 

u 

<  o 

Ui 

uj  z 

u 

UN 

X 

u 

UI 

a  x 

X 

3 

a.  z 

Z 

X 

00 

X 

o 

Ui  o 

UJ 

X 

Ui  UI 

Ui 

-1 

u  x 

X 

00 

X  z 

ac 

>- 

oo  oo 

o 

X  • 

X 

fr-  UN 

3 

CD 

UI 

3  to 

Ui 

1-  00 

u. 

-J 

O 

-J 

00  ♦-« 

00 

X  -J 

NX 

00  X 

Ui 

• 

o 

z 

3  X 

X 

z  to 

Vi 

00 

z 

UJ  0) 

l_> 

Ui 

00 

o 

o 

X 

UN 

a  z 

00  00 

UN  X 

ac 

z 

x  < 

0 c 

-J 

X 

00  fr- 

X 

UJ 

as 

Ui 

x  z 

►N 

00  X 

X 

x 

00  x 

X 

UJ  o 

NC 

x  3 

z 

UI 

_i 

o 

CO  03 

a. 

X 

o 

-J 

x 

x  u 

►— 

as 

UI 

00  V) 

un 

Ui 

CD 

u  o 

00 

a.  x 

a: 

z  ac 

X 

00 

X 

*H  o 

x  X 

V) 

UJ 

O 

Ui 

-i 

X 

as 

ac  uj 

Ui 

z 

Ui 

z  to 

u 

-J 

O 

1-  o 

X 

UN 

> 

o  X 

Vi  x 

u. 

00 

-J 

NX 

X  K 

Q 

x  a 

cr.  ac 

z 

X 

(0 

00  X 

UN 

as  ►-» 

Ui 

ui  o 

UN 

00 

00  Ui 

a 

Ui  z 

z 

fr-  lu 

*N 

UJ 

X  -J 

CO 

X  < 

M 

X 

a 

fr¬ 

ao 

X 

x 

O  X 

o 

O  X 

z 

it. 

00  z 

X 

fr-  a 

-J 

Vi  o 

X 

NX 

z 

Z  x 

00  Ui 

Ui 

UN  UN 

X 

< 

X 

X 

X  X 

3 

-1  X 

tft 

00 

v> 

K  o 

_i 

Ui 

z 

X  z 

u. 

UI  u. 

Z 

X  00 

UN 

ac 

u» 

X 

o 

o 

< 

UN 

x 

X 

a:  x 

u. 

Ui 

X 

o 

u 

< 

Ui  «J 

o 

o  UJ 

CD 

e  x 

o 

o 

Ui  • 

X  3 

z 

Vi 

< 

X 

(ft  fr- 

a  oo 

UN 

UI  z 

Z 

-J  Ui 

X 

X 

O  Ui 

o 

u  < 

o 

3  3 

Ui 

Ui 

Ui  X 

Ui 

X 

> 

tft 

• 

CO  _J 

UN 

z 

CO  00 

X  X 

00 

UN 

(ft  X 

CO 

00 

X 

Z  V) 

X  o 

Ui 

00 

UN  X 

u  v> 

vj 

X 

X  X 

3 

X 

v> 

00  Vi 

CO  CO 

>■  Ui 

X 

CO 

o 

X 

v>  o 

<0  X 

-J  a 

o 

X 

X  X 

_i  z 

X  • 

X 

X 

X  X 

CO 

3  X 

x  a 

CO  Ui 

UN  U 

X  z 

X  Ui 

(0  00 

CO  Q 

X  x 

3  00 

Ui  X 

X 

X 

u  o 

z  X 

X  u 

00  O 

o 

(ft  3 

X  X 

UJ  z 

X  z 

X  x 

> 

z 

X  o 

X  X 

CO  X 

o  ui 

UN 

X 

3  CO 

X  > 

O  00 

X  X 

o  o 

X  x 

Z  (0 

o  > 

x  ac 

00 

UN  UN 

x  o 

x  ac 

fr-  to 

X  X 

X 

X  o 

to  UJ 

3  CO 

X 

»  VJ 

x  u 

»-  z 

X  x 

1 

UJ 

o  x 

VJ  X 

o 

o  z 

00 

Ui 

X  ac 

X  CO 

X  o 

X 

X 

X  X 

X  X 

z 

u 

♦  U 

3 

X 

co 

1  X 

Z  f» 

X  X 

X  u 

to 

X  * 

X  X 

X  X 

3  x 

z 

U  UJ 

X  « 

X 

9  X 

X 

3 

X 

X 

X  O 

X 

X 

Ui  vj 

(ft 

to  z 

Z  X 

X 

Z  x 

X 

z 

(ft  X 

X  X 

Ui  X 

fr-  Q 

UN 

Z  X 

U  3 

X 

X  Ui 

uj 

00 

x  X 

X 

Ui 

ac  o 

X  z 

3 

CO  V) 

X  K 

X 

3 

CO  UI 

O 

3  X 

X 

X 

V>  UI 

UN  U. 

X 

O  X 

Z  fr- 

o 

> 

-J  x 

X  & 

O  X 

VI 

UI  UN 

CD  UN 

O 

X 

X  tft 

UN 

X  vo 

X  x 

X 

Z  X 

X  x 

-1 

fr-  (0 

X  CO 

X 

o 

X  «J 

UI 

UJ 

CO 

X 

x  I 

o 

X 

X  V) 

UJ  X 

u 

<0  (0 

X  X 

o  x 

UN 

CO  UN 

X 

a 

Ui 

-I  -J 

X 

x  X 

CD  X 

Ui 

00 

-J  < 

CD 

X 

X  U 

z 

00  to 

X  X 

X 

CO  x 

4 v  3 

UI 

UJ  Ui 

3  (ft 

X 

z  > 

a 

X 

Z  <0 

X 

X  X 

(0  o 

PROBLEM  -  LIGHTWEIGHT  COMPOSITE  STRUCTURES  ARE  TYPIC 
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US  ARMY  COMMUNICATIONS  RESEARCH  AND  DEVELOPMENT  COMMAND 

(CORADCOM) 


The  US  Army  Communications  Research  and  Development  Command  (CORADCOM) , 
headquartered  at  Ft.  Monmouth,  NJ,  is  responsible  for  research,  develop¬ 
ment,  first  production,  and  initial  fielding  of  communications,  tactical 
data,  and  command  and  control  systems  for  the  Army.  CORADCOM  consists 
of  laboratory  and  technical  support  segments  and  Project  Managers  of 
Multi-Service  Communications  System  (MSCS) ,  Army  Tactical  Communications 
System  (ATACS),  and  project  managed  elements  of  Army  Tactical  Data 
Systems  (ARTADS),  i.e..  Tactical  Fire  Control  System  (TACFIRE) ,  Missile 
Minder  (AN/TSQ-37),  Tactical  Operations  System  (TOS) ,  and  Position 
Location  Reporting  System  )PLRS). 

CORADCOM’ s  planned  projects  cover  a  variety  of  electronics  problems 
with  special  emphasis  being  placed  on  computer  applications  and  circuit 
technology.  Project  3036  supports  efficient  manufacturing  of  custom 
components  for  use  in  future  tactical  radios. 

Video  disc  information  storage  is  a  possible  technology  for  an 
electronic  system  for  the  dissemination  of  training,  technical,  and 
doctrinal  data.  Project  3042  will  investigate  methods  to  reduce  the 
cost  of  mastering  and  duplicating  the  discs. 

Projects  3047  and  3048  will  supply  the  necessary  manufacturing 
technology  for  the  precision  crystals  and  temperature  compensated 
oscillators  needed  to  meet  the  frequency  stability  requirements  of 
future  Army  tactical  radios. 

Program  funding  in  the  out-years  largely  anticipates  micro-electronics 
as  the  driving  force  in  componentry  and  built-in  test  capability  for 
command,  control,  and  communications  systems.  Computer-dominated 
methodologies  are  inherent  in  such  areas  as  design,  manufacture,  and 
manufacturing  documentation  for  communications  systems  and  are  expected 
to  be  of  particular  worth  for  the  short  lead  time,  relatively  low  volume 
production  anticipated  for  future  equipment  and  systems. 
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CATEGORY 


Detectors  - 

Displays  - 

Electron  Tubes  - 

Frequency  Control  - 

General  - 

Integrated  Electronics 

Laser  - 

Optics  - 

Passive  Components  - 

Power  Sources  - 

Solid  State  - 


US  ARMY  ELECTRONICS  RESEARCH  AND  DEVELOPMENT  COMMAND 


(ERADCOM) 


ERADCOM  is  the  Army's  focal  point  for  electronics  research,  develop¬ 
ment  and  acquisition  (RDA)  activities,  and  maintains  programs  in  such 
areas  as  electronics  signal  intelligence,  electronic  warfare,  atmos¬ 
pheric  sciences,  target  acquisition  and  combat  surveillance,  electronic 
fuzing,  radars,  sensors,  night  vision,  radar  frequency  and  optical 
devices,  nuclear  weapons  effects,  instrumentation  and  simulation,  and 
fluidics. 

There  are  seven  laboratories  integrated  into  ERADCOM' s  structure. 
These  laboratories  are  product  oriented  and  as  a  result  can  identify 
major  problem  areas  where  applied  MMT  efforts  can  realize  important 
benefits.  Although  ERADCOM  and  its  laboratories  identify  and  manage 
projects,  the  bulk  of  the  actual  work  is  contracr;ed  out  to  non-Govern- 
ment  organizations. 

A  major  area  of  interest  is  developing  legible  tactical  displays 
which  are  suitable  for  military  use.  Because  of  operational  limitations 
in  legibility,  power  requirements,  and  weight  and  poor  RAM  (reliability, 
availability  and  maintainability)  characteristics  conventional  displays 
are  unacceptable.  New  technologies,  such  as  flat  panel  displays  and 
ruggedization  techniques,  which  can  satisfy  these  requirements  are  now 
in  development  but  need  improved  manufacturing  methods  for  effective 
production. 

Improving  sighting  capabilities  is  an  area  of  prime  concern  to  all 
the  services  Several  projects  for  significant  improvements  in  pro¬ 
duction  techniques  for  image  intensifiers  are  included  in  the  Plan. 

The  development  of  millimeter  wave  and  infrared  laser  systems  for  all- 
weather  and  smoke  fighting  is  being  pursued.  This  will  require  the 
development  of  new  control  systems  and  subsystems.  New  or  improved 
techniques  will  be  needed  to  insure  the  necessary  quality  and  quantity 
of  systems.  Projects  are  also  included  dealing  with  thermal  electro- 
optical  systems.  These  systems  include  the  present  generation  Common 
Modules  and  future  second  generation  systems  such  as  the  ATAC  and 
MISTAF  FLIRS  (Forward  Looking  Infrared  Systems)  and  the  Thermal  Weapon 
Sight  (TWS) . 

Emphasis  is  also  being  placed  in  high  energy  pulser  systems  for  use 
in  future  defense  systems.  Pulsers  using  state-of-the-art  components 
are  excessively  large,  costly,  and  are  not  usable  for  mobil  field 
applications.  Results  of  research  and  development  promise  an  order  of 
magnitude  decrease  in  size  which  would  allow  production  of  mobile  units. 
Since  applications  of  this  system  are  exclusively  military,  MMT  funding 
is  necessary  to  establish  economical  production. 
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SOLUTION  -  OOCUMENT  THE  MATERIALS*  PROCESSES.  CONTROLS  AND  TECHNIQUES 

NECESSARY  TO  FABRICATE  HIGH-QUALITY  THIN  FILM  PIEZOELECTRIC  TRANSDUCERS.  THE 
PARAMETERS  WILL  BE  INCREMENTALLY  SHIFTED  SO  THAT  A  NON-CRITICAL  STABLE 
PLATEAU  REGION  IS  DEFINED. 
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PROBLEM  -  3RD  SEN  TUBES  REOUIRE  NON-LINEAR  GAIN  NCP*S  TO  SUPPRESS  BRIGHT 
HORIZON  SKY  OR  OTHER  BRIGHT  IMAGES  WHILE  PROVIDING  PULL  GAIN  IN  DARK  SCENE 
AREAS.  PRESENT  MANUF.  METHODS  FOR  MCP  ONLY  PRODUCE  MCP  WITH  LINEAR  GAIN  IN 
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SOLUTION  -  IN  SITU  CONSTRUCTION  AND  DESIGN  WILL  PROVIDE  REPRODUCIBLE  UNITS  AT 
FREQUENCIES  FROM  AO  GHZ  UP  TO  600  GHZ.  NEW  TECHNOLOGIES  TO  BE  DEVELOPED 
INCLUDE  EBEAH  LITHOGRAPHY  ANO  COMPUTER  CONTROL  OF  HATER  I ALS  GROWTH. 
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US  ARMY  MATERIALS  AND  MECHANICS  RESEARCH  CENTER 


(AMMRC) 


The  Army  Materials  and  Mechanics  Research  Center  (AMMRC)  is  desig¬ 
nated  the  DARCOM  Lead  Laboratory  for  Materials  Testing  Technology.  In 
this  role,  AMMRC  is  responsible  for  management  and  direction  of  the 
DARCOM  materials  testing  technology  activities  and  formulation  of  the 
Materials  Testing  Technology  (MTT)  Program.  This  program  formulation  is 
accomplished  by  identifying  and  defining  materials  testing  problem  areas 
in  response  to  system  requirements  of  the  DARCOM  R&D  and  Readiness 
Commands  and  Project  Managers  utilizing  materials  testing  technology. 

The  Lead  Laboratory  mission  also  encompasses  the  advising  and  assisting 
of  the  major  subordinate  commands  and  Project  Managers  in  the  utiliza¬ 
tion  of  Materials  Testing  Technology  in  order  to  assure  a  smooth 
transition  from  the  developmental  to  the  production  phases  of  the  life 
cycle.  Concurrent  with  the  above  responsibilities  is  the  furnishing  of 
technical  assistance  in  the  application  of  methods  and  techniques  in 
solving  material  problems  in  connection  with  procured  items. 

The  MTT  Program  has  shown  a  steady  growth  over  the  last  several 
years,  from  2.5  million  dollars  in  FY  73  to  4.5  million  dollars  in  FY  79. 
This  growth  has  been  largely  due  to  the  increased  participation  in  the 
Program  by  DARCOM  Project  Managers,  as  well  as  increased  attention  to 
the  Program  by  DARCOM  Quality  Assurance  managers.  Another  increasing 
trend  within  the  MMT  Program  has  also  been  the  directing  of  more  and 
more  testing  related  projects  to  the  MTT  Program.  Specific  areas  of 
effort  are  as  follows: 

a.  Automated  Testing 

One  of  the  primary  needs  in  NDT  and  in  inspection  in  general  is  to 
remove  the  decision-making  from  the  inspector  where  possible.  In  FY  80 
and  beyond  efforts  will  be  intensively  directed  toward  providing  engi¬ 
neering  prototype  systems  utilizing  automated  decision-making.  These 
include  automated  radiographic  and  ultrasonic  techniques,  optical/laser 
techniques,  and  computerized  chemical  analysis.  The  ultimate  goal  in 
all  automated  testing  systems  is  the  essential  feedback  to  the  total 
system  for  automated  process  control, 

b.  Predictive  Failure 


The  need  for  diagnostic  measurement  techniques  for  anticipation  of 
catastrophic  failure  and  for  the  measurement  of  remaining  life,  both  in 
operating  equipment  and  in  units  being  overhauled  and  rebuilt,  presents 
a  tremendous  opportunity  for  cost  savings  and  reliability  improvement. 

A  principal  thrust  has  come  from  the  loss  of  single  engine  aircraft  due 
to  malfunction.  In  essence,  the  field  of  diagnostics  and  in-situ 
measurements  adjunct  to  non-destructive  testing  represents  the  real 
time  use  of  NDT  techniques  with  analysis  and  decision  elements  built  in. 


c.  Materials 


As  the  newer  materials  are  utilized  in  major  weapon  systems,  it  is 
imperative  that  new  and/or  improved  inspection  techniques  be  available 
to  measure  characteristics  or  parameters  to  assure  adequate  and 
reliable  performance.  Of  particular  interest  in  the  next  five  years  are 
composites,  elastomers,  plastics,  and  ceramics,  with  continuing  interest 
in  metals  and  energetics  (explosives,  pyrotechnics,  and  propellants). 

d.  Techniques 

Specifically  covered  in  the  objectives  of  the  MTT  Program  is  the 
investigation  of  specific  physical  principles  which  can  potentially 
offer  significant  improvement  in  sensitivity,  cost,  portability,  or 
speed,  and  combination  of  these.  The  development  and  application  of 
techniques,  such  as  ultrasonics,  infrared,  holography,  spectroscopy, 
chromatography,  etc.,  can  significantly  improve  DARCOM  materiel  and 
offer  substantial  improvement  in  process  control. 
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US  ARMY  MOBILITY  EQUIPMENT  RESEARCH  AND  DEVELOPMENT  COMMAND 

(MERADCOM) 


MERADCOM,  located  at  Fort  Belvoir,  VA,  conducts  a  widely  diversified 
program  to  improve  the  Army's  combat  readiness  in  four  major  areas: 
barrier  and  counter barrier  systems;  countersurveillance  systems; 
energy  and  environmental  systems;  and  supply  distribution  and  con¬ 
struction  equipment  systems. 

Procurements  for  items  under  MERADCOM' s  cognizance  are  placed  with 
the  private  sector,  and  much  of  MERADCOM 's  MMT  effort  is  accomplished  by 
the  private  sector. 

To  address  the  problem  of  increased  system  acquisition  costs, 
MERADCOM  has  identified  major  problem  areas  where  improved  manufactur¬ 
ing  technology  is  needed.  Major  problem  areas  confronting  MERADCOM 
include: 


a.  Limitations  of  High  Temperature  Super  Alloy  Components  of  Gas 
Turbine  Engines.  A  limiting  factor  in  the  life  and  performance  of  gas 
turbines  is  the  ability  of  the  components  to  withstand  the  abrasive  and 
corrosive  environment  at  peak  operating  temperatures.  Super  alloy 
metals  utilizing  strategic  materials  are  limited  to  1750ijF  operating 
temperature  and  are  subject  to  catastrophic  failure  when  subjected  to 
high  dust  concentrations  or  corrosive  atmosphere  such  as  salt.  Thermal 
efficiency  can  be  improved  by  increasing  peak  cycle  temperature  cur¬ 
rently  limited  by  maximum  operating  temperature  of  materials  of  the 
burner,  turbine  inlet  nozzle,  and  turbine  wheel.  The  most  critical 
component  for  damage  due  to  wear  and  corrosion  is  the  turbine  nozzle. 
Materials  are  needed  which  have  increased  operating  temperature  limits 
and  improved  resistance  to  corrosion  and  abrasive  wear  at  a  reasonable 
cost.  Projects  addressing  this  problem  area  are  3717  and  3719. 

b.  Military  Quality  Power  Conditioners.  The  development  of  light¬ 
weight,  military  quality  power  conditioners  is,  to  a  large  extent, 
dependent  upon  the  availability  of  reliable,  lightweight,  compact 
electronic  components.  The  power  stages  of  these  power  conditioners 
employ  an  important  class  of  these  components  -  power  semiconducting 
devices.  Currently  available  versions  of  these  power  semiconducting 
devices  in  the  required  ratings  often  are  too  heavy  and  bulky  to  be 
conveniently  used  in  the  power  stages  of  military  power  conditioners 
under  development.  Also,  in  some  instances,  reliability  of  currently 
available  devices  is  not  adequate  for  military  power  conditioners. 
Recognizing  the  limitations  of  today's  power  semiconducting  devices, 
MERADCOM  has  been  developing  reliable,  lightweight,  compact  power 
semiconducting  devices.  A  project  attacking  this  area  is  3772. 
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.  Providing  Military  Bridges  at  Moderate  Cost,  Which  Have  High 
Mobility  and  High  Emplacement  Speeds  While  Retaining  The  Ability  to 
Withstand  the  Abusive  Treatment  Inherent  in  the  Battlefield  Environment 
High  strength,  low  density  composite  materials  in  both  organic  and/or 
metallic  matrix  appear  to  offer  great  promise  for  solutions  to  this 
problem.  Increased  production  of  high  strength  fiber  materials  has 
reduced  materials  cost.  Techniques  for  the  fabrication  and  installa¬ 
tion  of  these  materials  into  usable  bridge  components  is  the  area  in 
which  large  cost  reductions  are  possible.  The  reduction  of  presently 
used  labor  intensive  methods,  through  the  application  of  automated 
processes,  will  reduce  component  costs.  Initial  design  in  these 
materials  offer  improved  performance  due  to  the  flexibility  possible 
in  material  configuration.  Projects  directed  at  this  problem  area  are 
3746  and  3786. 
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PROBLEM  •  SUPER  ALLOT  METALS  USED  IN  HOT  COMPONENTS  OF  GAS  TURBINES  ARE 
LIMITED  IN  OPERATING  TEMPERATURE  ANO  ARE  SUBJECT  TO  PREMATURE  FAILURE  IN 


CONTAINERS  PAGE 

Containers /Launchers  -  173 

Control  System  -  173 

Ground  Support  Equipment  -  174 

Guidance  System  -  176 

Missile  Structure  -  187 

Propulsion  System  -  191 

Test  Equipment -  196 


US  ARMY  MISSILE  COMMAND 


(MICOM) 


The  US  Army  Missile  Command  is  located  at  Redstone  Arsenal,  AL, 
and  is  responsible  for  research,  development,  and  acquisition  of  missile 
systems  for  the  Army.  Facilities  include  flight  test  ranges,  labora¬ 
tories,  and  a  simulation  center. 

Major  systems  managed  by  special  project  offices  include  STINGER 
(Shoulder-Fired  Air  Defense  Guided  Missile),  US  ROLAND  (All-Weather  Air 
Defense  Missile  System),  MIPS  (Multiple  Launched  Rocket  System),  Viper 
(Short-Range  Anti-Tank  Weapon),  HELLFIRE  (Helicopter-Carried  Air-To- 
Ground  Missile),  PERSHING  (400-Mile  Range  Air-to-Ground  Missile)  and  the 
2.75  Inch  Air-to-Ground  Rocket.  MICOM  is  also  the  Army's  center  for 
laser  research  and  manages  efforts  to  apply  lasers  in  missile  guidance 
and  as  weapons . 

The  major  thrusts  in  MICOM’ s  MMT  program  is  in  guidance  systems.  A 
large  amount  of  this  effort  is  planned  for  work  on  gyros,  printed 
circuits,  and  seekers.  Improvements  in  the  gyro  can  be  made  by  ad¬ 
dressing  proposals  in  new  machining  methods  and  assembly  techniques. 
Efforts  in  the  electronics  area  include  projects  on  plated-through 
holes,  thin  foils,  wave  soldering,-  and  cleanliness  criteria.  The  seeker 
area  includes  work  on  infrared  optics,  radio  frequency,  and  laser  optics 
Other  work  planned  on  guidance  systems  include  projects  for  windows  and 
radomes,  optics,  and  hybrid  circuits. 

Another  major  thrust  area  is  missile  structures,  which  Includes 
projects  for  airframes  using  metal,  plastic,  or  composites.  Efforts  for 
composite  airframes  will  address  filament  winding,  inner  shell  forming 
and  missile  substructures.  New  joining,  machining,  and  forming  tech¬ 
nologies  will  be  investigated  and  applied. 

Proposals  in  the  area  of  test  equipment  include  work  on  electrical, 
x-ray,  neutron  and  hydraulic  equipment.  Calibration  efforts  include 
infrared  testing  of  PC  boards,  digital  fault  isolation,  and  automatic 
circuit  tuning. 


MOO  IW 


♦ 

1 

GO 

O 

CO 

1 

m 

>- 

1 

GO 

tO 

Ul 

1 

tO 

1 

to 

o 

oo 

1 

CM 

>- 

1 

u. 

1 

>- 

CM  1 

o 

o 

CO  1 

in 

cc 

>-  1 

in 

U.  1 

CM 

< 

X 

X 

1 

o 

o 

3 

CO  1 

in 

>-  1 

C\J 

00 

Ul  1 

in 

o 

A 

2 

(/) 

O 

i 

o 

o 

Q 

03 

i 

o 

LH 

Z 

>- 

i 

<t 

U. 

i 

O 

3 

2 

O 

X 

3 

t- 

w 

Li. 

o 

z 

< 

X 

V) 

ac 

X 

Ul 

X 

o 

u 

2 

u 

z> 

X 

< 

u 

_J 

t- 

•s. 

00 

OO 

>- 

ec 

to 

Ul 

2 

-J 

o 

>-  1 

< 

ac 

ac  1 

h- 

►- 

O  1 

2 

2 

O  1 

O 

O 

LJ  1 

o 

o 

h-  1 
«l  1 

U  1 

m 

CM 

VO 

to 

o 

t 

& 

r-* 

Q0 

M) 

i 

CM 

m 

a 

in 

CM 

to 

i 

O 

M3 

to 

K> 

CM 

i 

00 

H 

o 

vr 

to 

a 

CM  1 

CM 

in 

00 

<r 

<4* 

O  1 

■** 

in 

in 

in 

in 

«r  i 

fO 

*-4 

h- 

to 

CM 

•H  1 

r- 

O 

O 

o 

to 

GO  1 

fH 

in 

in 

r- 

m  i 

00 

r- 

M3 

in 

M3  1 

H 

rH 

-*?* 

H  1 

m 

H 

a  o 

o 

in 

M3 

1 

GO 

H 

ON 

CO 

1 

CM 

o 

ao 

CM 

00 

1 

to 

<r 

to 

1 

in 

•H 

in 

in 

in 

o 

1- 

i 

CM 

to 

CM 

& 

00 

to 

i 

CM 

M3 

M3 

i 

to 

ro 

•"4 

i 

r- 

h- 

2 

UJ 

X 

a. 

3 

a 

UJ 

X 

UJ 

a: 

u 

X 

3 

t— 

i- 

UJ 

</> 

H* 

ac 

t- 

O 

>- 

Z 

o 

3 

to 

UJ 

CL 

>- 

CC 

X 

Cl 

CO 

t— 

2 

CL 

X 

00 

o 

H* 

CO 

u 

LH 

3 

o 

UJ 

to 

<35 

a 

z 

-J 

_i 

U 

2 

< 

t-4 

Z3 

X 

Q 

00 

CL 

t- 

O 

t"4 

CO 

O 

00 

ac 

3 

t-4 

ac 

UJ 

-J 

o 

O 

X 

cl 

t- 

< 

o 


172 


*—  </5 

*  u 

x  3 


o 


z 

o 


CL  CL 
X  3 
uJ  U 


X  2 

o  3 
Z  O 
3  * 


-J  ac 
UJ 
—  CL 


ac  fO 
ac  o 
3  u 


<  co 

—  u 

u  a. 

ac  4 

uj  x 


:  <a  ; 


•  3  — 

u  o  < 
ac  u.  3 
3  -J 
—  o  < 


3  <  u 

ac 

HOW 

CO  UJ  03 


X  O  3 
►“  X  — 


O  UJ 

z  > 

<  UJ 


o  2 

—  —  t 

a  co  i 


—  <t  2 
3  0  0 
a.  u_  ac 

a.  — 

«  a  -• 


—  —  Q  O 


J  U  U  (/) 
J  >  M  U 


*  UJ  ffi 
CO  CO  CO  UJ 
O  GO  UJ 

«<  JBL 

»-  ac  o 

CO  CO  UJ 

<  <  —  Q 
3  Z 

a  x  o  < 
u  z 

—  3  O  CD 

CO  CO  3  Z 

o  — 
O  CO  •  o 
O  0  < 
3  —  3 
O  U  i  Q 
3  CO  UJ  U 
<  O  — 
I  3  -  ^ 

a.  co  jc 


o  UJ  o  3 

H  o  O  UJ 

—  <  u> 

3  ac  uj  o 
3  is  ffi  < 

O 

CO 


—  CO 
ac  uj 
i  u  ac 


I  O  CO 
I  Z  o 
:  3  ac 
i  ac  ac 
■  —  O 
►  CO  o 


1  X 
I  o  • 
I  —  CO 

I  X 


>  ac  X 
i  3  O 
I  >  3 


i  <  < 

—  ac 

:  ac  u. 


—  0  3 


X  O  X  < 


I  L  3« 
i  CO  o  o 
*  3  —  U. 


3  O  X 
3  3  — 


X  to  z 
<  < 
3  —  > 


O  •  — 
<  CO  u 
3  3  — 

a-  ac  ac 

i  3  — 


—  ffi 

a:  3  3 

CD  O  CO 


•  CO 


o  —  < 

3  < 

©  >  —  < 


►  •0  2 
»  3  O 
X  3  o 
<  — 
o  co  z 


a.  <  3  o 


—  o  <  t 


a:  o  i/i 

O  ac  O 

it  <  — 


3  —  CO 
<3  CL. 

3  O  cO 


* 

3  >  Z  < 
X  <  ©  < 
Q.  In- 


3  3 
00  O  Q 
CO  Z 


WOh 

o  3  ac 


>  —  >  i 

u  o  <  < 
a  ac  x 
o  ( 

—  U.  —  < 


a.  u  z 

3  — 
z  o  X 
O  O  < 

—  ac  o 

—  a.  3 


3  a 
o  3  z 
3  —  < 
X  3 


3  O  X  I 
O  2  —  « 
U  <  1 


u 


0  3  3 


<  IflN 

X  (03 


O  <  3 

ac  ac  co 

3 


3  CO  CO 

>  —  — 
0X3 
ac  —  3 
3 


Z  3 

—  3 

a:  3 

3  CO 


CO  CO 
3  O 
O  O 


X  o 

u 

—  cO 


ffi 


Z  cO  ac  £ 
0  3  3  1 

—  ac  3  c 

-  —  O 
3  *  3  » 
3  3  3: 


I  o  — 
—  — 
XX*-* 


3  3  Z 
CD  O  3 
0  3  0 


CO 


•  Z  • 

mWOZ 
3  0  0 
*  ac  — 
3  0  — 
Z  —  Z  O 
0  0  —  3 
*-*3  3  0 
1-300 
3  1-03 
3  CO  1-  3 
O 


o 

< 

H 

X 


I 


CO 


I  3 
I  — 
I  CO 
I  ► 

»  CO 


3 

o 

O  3 

3  X 

3 

O 

>  3 

■0 

CO 

z 

—  o 

3 

■ 

O  CO 

O  3 

3  3 

ffi 

3  —  3 

3  — 

— 

O 

a  — 

O  —  — 

o  z 

•  co 

ffi  cO 

ffi  3 

U.  <  — 

Z  3 

CO  o 

<  a 

ffi 

z  — 

O  1 

Q  O 

3  O 

3  — 

CO  —  3 

O  z 

o 

< 

—  3 

>-  CD  — 

o 

X  X  3 

CO 

U  O 

O  X  GO 

1-  z 

3  —  0 

-  X 

3 

3  O  < 

o 

3  3  3 

u 

a.  u 

3  0  3 

Z  3 

3  X 

CO  — 

X  X 

<  < 

a 

X  » 

o  X 

o  — 

<  O 

3  3 

0—3 

3  J 

o 

X 

3  3 

o  z  - 

< 

• 

3X3 

<  O 

3  < 

O  co 

3  CO 

—  —  < 

z 

•  X  3 

ffi  3 

o  z 

Z  —  3 

CO  — 

3  3 

a 

3  O 

—  a  3 

3 

O  O  X 

O  3 

O  — 

x  — 

<  w  ♦ 

3  <  O 

Z  3 

o  *- 

3  CO  O 

—  x  co 

<  3  — 

—  3 

3  < 

3-3 

<X  UJ  — 

3  X  X 

3 

3  3 

<03 

3  3  3 

—  O 

3 

3  — 

—  ffi  < 

UJ  X  — 

CO 

3  — 

3  CL  • 

>-  3  CO 

<03 

-  <  a: 

CO 

3  0- 

O  < 

X  3 

<  o  o 

3 

a  — 

—  3 

3  3 

a  a 

0  3  3 

o 

3  u 

^  3  1- 

o  - 

CO  3 

•  1-3 
ffi  3  3 
a  wh 
3  U) 


3  <  I 


CO  3  X 
CO  3  3 
3  0  3 


O  CO 

3  3 

ffi  <  O 

O  z  3 


3  CO 

3  0  — 
<  ffi  CO 

z  <  o 

0  3  0 


3  0  0 
3  O 


O  3 

:  z  o 


I  O  ffi 


3  0  3 

<  w  a 

3 

<  3  CO 


CO  CO 

:  z  3 

I  3  CO 
I  —  CO 

i  z  o 


Z  3  — 
O  3 
—  XU 
1-0  3 
3  3  — 
3  3  0 


CO 


I 


X 

o 


X 

o 


I 


o 

3 

z 

o  *-«  ac 


j  o  oo 
o  >-« 

■  0. 


Q  3  P- 

z  o 
<  u 

3  z 
00  O  p-» 
*—  a:  ll. 
ph  P-  LJ 
3  2  0 

o  o 

KUO 
H  K 


(/)  X 

ox* 


o 

z 

o 


o  o 

P- 

o 


OU  h 

z  a  h 

ph  3 

oo  •  o 

co  uj  ac 

LJ  Z  m 

u  ph  o 
o  . 


2*  O 

►- 

u 

O 

o 

o 

Z 

«  00 

O 

P- 

O 

X  3 

ph  X 

z 

z 

3 

3 

O 

HC 

X  P- 

o 

o 

3 

3  Z  < 

00  p- 

o 

3 

3 

o 

fsi 

3 

©  PH 

3 

X 

3 

X  • 

O  X 

Z  Z 

o 

3 

> 

3 

PH 

O 

z 

O  3 

P* 

3 

3 

3  O 

a  ph  3 

3  O 

3 

►- 

X 

3 

© 

X  U 

00 

3 

a  3 

3  P-  > 

P-  U 

CO 

O 

O 

z 

3 

3 

PH 

3  X 

3 

X 

CO 

x  □ 

Z  U  3 

Z 

00 

Z 

PH 

*- 

Z 

CO 

PH 

»- 

o 

p- 

O  3 

3  </) 

I-I  00 

3 

PH 

O 

X 

3 

3 

o  u 

3 

PH 

3 

P-  o 

oo 

o 

z 

►— 

3 

3 

00 

o 

< 

O 

3  Z 

3  0  3 

Z  vO 

X 

X  3 

o 

PH 

* 

X 

PH 

3  O 

Z 

X 

Q 

03 

OXO 

X  CM 

< 

o  u 

X 

3 

>- 

00 

O 

o 

ph  3 

« 

3 

Z 

00 

3 

3  -* 

** 

o 

ill  o 

a 

3 

L9 

X 

»“ 

u 

z 

3 

P- 

P- 

3 

P*  ph 

3  c/> 

CL 

o 

< 

<  X 

Ci 

O 

PH 

< 

o 

oo  ^ 

* 

00 

3 

oo 

3  O  X 

3 

u 

3  X 

a 

3 

o 

3 

3 

3 

PH 

•  X 

o 

>■ 

© 

3  >■ 

o  z  o 

ac 

3 

t—i 

z 

3 

O 

3 

o 

3 

3 

< 

<  o 

3 

CO 

3 

►- 

X  P- 

Z  <  PH 

<  P- 

Z 

X 

V)  Cfl 

PH 

O 

o 

w 

X 

*- 

1 

00  3 

3 

X 

O 

PH 

PH  ►» 

3  X 

ph 

ph  z 

X 

o 

PH 

P* 

X 

X 

<  p- 

CD 

Q 

z 

oo  3 

«flZ< 

>-  o 

P- 

3 

3 

X 

o 

u 

►H 

3 

3 

z  z 

X 

3 

PH 

3  ph 

O  PH 

X 

Z 

o 

3  X 

►- 

3 

z 

3 

P- 

►- 

PH 

3 

p- 

JO 

00 

ph  m 

a  ph  x 

3  o 

o 

z 

X  3 

a 

CD 

3 

PH 

o 

</) 

3 

a 

00 

« 

3 

3 

x  x 

z  w  < 

♦-  to 

X  u 
x  x 


u 

o 


<  u. 

Uu  3 
3  Z 


O  P- 

z 

<  o 

u 

2  O 

o  z 

PH  3 

00  P* 

3  X 
O  (J 

p-  z 


a 

ph  00 
a:  < 
CD  X 
>• 

x  u 
00 
I  < 
CD 


3  3 
3  <  X 

z  o  < 


o  3 

Z  LJ  00 

<  X  3 


O  < 
-J  O  1 


h  M  < 
X  PH  X 


*  X  00 

00  P-  X 


3  «  H 
O  4J 
X  P-  3 

H  3  (/) 

o  3  u 

X  X 


3  Z  3 
X  <  X 


00  00  3 

Z  •  LJ  CD 

<  U  M  < 

-J  u  o  o 

3X0 
0  3  0 
KL.OZ 


3  o 
00  O 

cl  a. 

PH  00  PH 

x  ac  x 
u  u  u 

CD 


u.  o  o 
o  u  > 
O  I 


00  UJ 

•-  u  o 

J  >  3 
3  >—*  O 
</>►-© 
Li  1  K 

ac  <  a, 


CJ  >-  09 
K  K  H 

«  <  PH 

W  ►-  3 

01  W  U 


•10561  TITLE  -  MILLIMETER  WAVE  OSCILLATORS  FOR  MONOPULSE  RECEIVERS  500  500 


in  i  mu uiwpnppH^iw.  .uw*  ..w «.  ■■auuiih* ■  ummuc . 1  "pc*  JJ  j  j.. ...  I j  -■  v 


I 


z 

3 

3 

z  • 

O 

X 

X  3  CO 

J  o  u 

0  0  3 

Z  3 

O 

3  UJ 

Z  3  a. 

R- 

X  •  > 

0X3 

z 

CO  UJ 

O  3 

9 

< 

3 

3  X  3 

x  3  o 

M 

R- 

O 

CD  3 

UJ  X 

CO 

< 

3  QC 

>  X  3 

3 

a 

9 

Q  J  ItJ 

3  O 

O 

Z 

UJ  X  3 

H  X  Z 

• 

z 

♦-« 

X  3  o 

CO  UJ  UJ 

a. 

X 

9 

3 

uj  3  a. 

3  3 

3 

o 

R-4 

< 

CL  3 

uj  3  a 

3 

R- 

CO 

3 

X  3  UJ 

3  3  UJ 

9 

o 

3 

<0 

<  X  z 

X  U.  X 

3 

X 

O 

X  *“• 

-J  u. 

X 

3 

x  3 

a.  co 

O 

3 

9 

■« 

WOK 

O  co  x 

3 

z 

Z 

3 

NHUJ 

ac  x  o 

z 

o 

M 

Z 

9  o 

3  a.  ►-« 

o 

o  co 

CO 

3  • 

XXX 

O  X 

X 

o 

CO 

X  >- 

uj  ac  o 

3  a 

3 

3  X 

3 

z  3 

3  X  £0 

3  Z  < 

o 

fSJ  < 

«J 

O  3 

CO  > 

3  <■ 

3 

M  O 

o 

x  co 

>-  CO 

©  -• 

3 

3  X 

X 

CO 

3  Q 

M  UJ  < 

O  K) 

3 

M 

3 

3 

>  O 

O  X 

3  3 

»-  >~ 

• 

3 

3 

U  3 

3  O 

a 

3  M 

X  CO 

X 

co 

0  3* 

CO  CL  Z 

z 

3 

O  X 

< 

O  3 

Z  9  3 

CO  2  < 

< 

O  U 

3  O 

u 

z 

X  UJ  3 

3  3 

*-  X 

R- 

«  CO 

a  >  a. 

O  * 

CO 

M 

3  U 

♦ 

3 

3  X  X 

0  3  3 

o 

3  O 

9  < 

*  3 

©  Z  3 

ac  o  z 

X 

3 

<  X 

CO 

9  3 

O 

a.  z  3 

X  O 

3  R- 

X 

Z  X 

o  ac 

3  £ 

X 

<  3 

9  Z 

o 

3  X 

N  U  O 

9  ©  UJ 

o 

Z  R- 

z  o 

R- 

Q  3 

3  Z  U. 

U.  O  3 

3 

3  Z 

<  u 

u 

3  CO 

QC  3 

X  3  3 

M 

3 

3 

o  co 

UJ  X  UJ 

X 

z 

>-  X 

*• 

Z 

X 

X  o  z 

CO  IL  X 

9 

3  3 

X  3 

z 

<  <  o 

3  O 

3 

H- 

3  O 

o 

o  X 

O  X 

a.  3  3 

co 

Z  3 

R-  £ 

u 

x  o 

3  3 

o  o 

3 

3  O 

CO  < 

<  3 

Ifl  UJ  < 

UJ  3  X 

a 

CO 

>-  3 

• 

u 

X  o 

>  ac 

3  t- 

(0  X 

►- 

9  < 

O  3  3 

3  X  X 

a 

X  CO 

X 

u 

Z  3 

<r  3 

3  >  • 

3 

3  3 

Q 

3 

3  * 

H  U.  U 

3  M  hj 

CO 

R- 

X  X 

— J 

3  o 

o  < 

o  «-«  x  H- 

X 

vO 

<  o 

3 

>-  O 

X  X 

O  <  X 

CO 

M  O 

a 

o 

>•  a 

X  X  UJ  3 

Z 

Z  UJ 

9 

0-  3 

u.  o 

•  X  Z  X 

X 

h-  < 

<  u 

Z 

o 

O  Z  3 

N  o  W  < 

3 

Z 

R“  X 

M 

3 

UJ  -J 

XU.  JIA 

3 

3  Z 

CO  3 

a 

3  O 

3  3  2 

3  H 

3 

X  o 

o 

3 

3  z 

2  0  0 

I/IOZU 

CL 

z  *-• 

<  CO 

o 

3  < 

3  3 

3  o 

X 

X  R- 

X 

3 

XU.U 

3  Z  O 

O 

3  < 

3  a 

X  3 

a.  u.  x 

X  CO  X 

O 

>  O 

o  z 

z 

3 

O  LJ  3 

3  3  X  3 

O  M 

-J  O 

o 

Z  X 

-J 

3 

3 

9  X 

3  O 

RH 

3  < 

U  3  » 

UJ  X  m  R- 

O 

X 

>  3 

3 

<  o 

>  O  CO 

co  ce  cm  « 

3  « 

3  CO 

u 

X 

uj  3  ac 

3  3 

• 

X  3 

a 

3 

R~  3 

a  o 

CO  *  CO 

o 

►- 

X 

CO  < 

o  3 

1  CO  Z  CO 

3 

X 

1 

z 

o 

1  z  X 

3  z  < 

CO 

1  o 

»■ 

M 

1  R» 

<  3 

Z  CO  3  a. 

3 

Z  X 

X 

X  3 

O  9 

1 

X 

o 

1 

X  3 

3  3  3 

Hio  a 

3  < 

m  a 

3  U 

3  CO  O 

3  CO  u  z 

3 

3  »“ 

R-  3 

3 

3  3 

03  O  CO 

©  O  X  X 

-J 

CD  < 

3  CO 

3 

CD  3 

o  o  o 

3  JHO 

3 

O  Q 

3  3 

3 

O  3 

ac 

O 

3 

X 

O 

R-* 

X 

<l 

co 

3 

3 

CO 

3 

CL 

©  o  a 

Z  3  O 
*-•  ©  a; 

9  < 


9  O  3 

o  jas 
x  o  a: 
o.  x  © 
u 

CL  «• 

UJ  • 

t-  cd  a 

1/3  <  UJ 
U.  Z 


MM  W  l*J 
3  A 
Q  O 


3  O  •  -I 


o  o  : 

x  < 


o  UJ  o 

3  CD  X 


“3  3  O 
Z  3  2  UJ 
3  ©  3 

<o  3  « 
3  3  R-  © 
CD  CO  X  3 


Z  X  3  Q 
X  Z 

CO  3  ©  X 

uj  co  a 
-jo  a 

ID  9  •  UJ 
<  O  CO 
U  <  UJ  CO 

z  u 

U  I  H  u 

X  3  u.  o 
U  M  u  O' 
3  0  0. 

1 

O  UJ  U 

2  2  03  CD 
O  FT 

«“•  ©  3  3 

3  3  3  3 
3  O  3  3 
J  X  3  3 
O 


o  X 
3  X 
3  9 


O 
J-  Z 
Z  3 
UJ  u. 

z 

o  -* 
a.  i 
x  •  i 


CL 

Z 

O 


>  3 

i  3  at 

■  X  UJ 
i  a  ac 

» 

:  *-  co 


uj  9 
3  o 
<0  x 
>■  a. 


I  O  3 
I  I-*  3 

u.  u 


I  CO  < 

X 


CO  CO  X 

l-t  3 
UJ 

X  a  Z 
3  z  3 
< 

I  3 

X  X 

X  UJ  UJ 
UJ  u  u 
-J  co  x 
CD  >■  O 
O  CO  o 


X  O 
o  3 

u.  co 


3 

M 

3  CO 

3  9 

«C 

X 

»  3 

©  O 

V  • 

X 

3  2 

3  X 

3  QC 

9 

3  3 

3  3 

X  o 

9  X 

© 

X  X 

3  3 

O  3 

3 

a  x 

to 

3  3 

X 

O  3 

*  © 

O 

X  3 

3 

X  3 

3 

3  CB 

©  O 

X  > 

3 

3 

3  3 

O  3 

3 

3  K 

Z 

3  CO 

<0 

X 

3  z 

X  Z 

©  9 

9 

3  3 

9 

X  Z 

9  3 

3  3 

Z 

3 

Z  CO 

X 

3 

3  3 

3  3 

C  3 

X 

X  X 

3  O 

3 

3 

O  X 

CO 

3 

9  > 

3  3 

CO  3 

9 

3 

3  < 

3  X 

< 

CO  x 

X  3 

X  3 

3 

3 

O 

3  3 

9 

3  3 

Z  3 

a  u 

Z 

CO  Z 

9 

3  3 

« 

© 

3  3 

O  X 

X 

X  3 

CO  T 

O 

3 

3  3 

X  3 

a 

CO  o 

O 

3  3 

3 

X  9 

3 

3 

3 

3 

X  o 

a  z 

< 

3  O 

3 

3  3 

K 

CO  3 

3  CO 

R-  CO 

9 

3 

CO  3 

X  3 

3 

CO  3 

►  Z 

X  X 

3 

-J 

CO  3 

O  3 

Z 

9  CD 

X 

3 

3 

Z  « 

X  3 

3  3 

X 

<  < 

o 

X  X 

X  3 

X 

3 

3  UJ 

CO  © 

3  3 

M 

3  3 

3  O 

O 

3 

9  3 

3  UJ 

3  Z 

X 

«  3 

00  X 

3  O 

3 

3  CD 

X 

>  M 

3 

3 

3  3 

3  3 

3 

Z  O 

CO  3 

Q  « 

3 

*  z 

U  3 

X 

X 

X  « 

X 

1  3 

O 

1 

3 

9 

1  3 

o 

Z  O 

CO 

Z  3 

o 

1 

X  3 

o 

3  3 

3  9 

3  « 

3  tO 

3 

3  UJ 

3  3 

3  UJ 

9 

CD  X 

©  X 

-J  3 

3 

O  3 

9  O 

o 

3 

X 

O 

CO 

3 

RO 

fO 

fM 

RO 

3 

CO 

a. 

x 

o 


13376)  TITLE  -  TESTING  ELECTRO-OPTICAL  COMPONENTS  ANO  SUBSYSTEMS  375  300 


<r 

oo 


in 

tv 

(V 


U.  <  </)  u 

o  o  z  z 
o  < 


©  »  <  o 
z  o  u. 
O  >■  hr  oc 
u  D  il  y 
ui  **r  a. 
o  u 

I  UJ  UJ  z 

a.  a.  uj 

ZOI4Z 

O  -J  o 

H  U  I  Q. 

p-  »  p-  z 

3UJHO 
J  Q  3  U 
O 


z 

M 

00 

UJ 

V) 

3 

00 

K 

ui 

o 

UJ 

3 

a 

z 

o 

u 

F- 

< 

UJ  • 

P— 

OC  p- 

ac 

V) 

u. 

CL  Z 

UI 

o 

o 

CO 

« 

> 

u 

_) 

UJ  «J 

o 

u* 

o 

F-  CL 

u 

z 

z 

00 

CO 

UI 

MC 

UJ 

«  P- 

ac 

ac 

►- 

© 

3  Z 

o 

z 

z 

UJ 

-J 

o 

o 

P*R 

U  Z 

_j  • 

oc 

u 

00 

O  H» 

NR  X 

a. 

CO 

< 

3  ac 

ac 

UJ 

-J  UJ 

o 

z 

o 

u 

<  OC 

P~  u 

o 

CD 

o 

V)  P- 

« 

HR 

oc 

o 

z  u 

P- 

-J 

a. 

a  uj 

p~  -J 

CO 

00  K 

CD 

NR 

UJ 

P— 

NR  V) 

V)  * 

3 

X 

Z 

O  < 

uj  oo 

LB 

p- 

UJ 

3 

00  3 

< 

a. 

Uj 

V)  1 

UJ 

00 

Z  -J 

UJ  UI 

-J  • 

p- 

>-  < 

o  oc 

O  V) 

■< 

z 

z 

o 

IX  uj 

-J 

o 

oc  o 

ac  u> 

P-  (A 

oc 

O  HR 

0.  -J 

z  < 

u 

u. 

U  F~ 

CD 

o  z 

-J 

z 

a  < 

PR 

U  Q. 

«  1 

-J 

U  UI 

Z  UI 

Z 

O  UJ 

< 

u  > 

«  -J 

< 

a  -j 

z 

N- 

nr  z 

< 

U 

z  < 

o  hr 

UJ 

»-  O 

00  00 

w 

«  p~ 

P“ 

z 

u  u 

z 

z 

< 

UJ  < 

V) 

UJ  UJ 

-J  z 

► 

oc  < 

p- 

HR 

z  z 

UJ  3 

3* 

CL 

00  z 

V) 

a. 

O  cr 

< 

z 

>-  NR 

► 

u.  o 

O 

UI 

UJ  nr 

00 

-J 

UJ  -J 

Z  a 

z 

a 

00 

< 

a  u 

Z 

nr  F- 

ut  a 

z 

> 

a:  < 

u. 

3  Z 

ac  « 

« 

O  Ui 

UJ 

o 

Z  UJ 

O  H. 

H"  O 

*-  a. 

o  z 

Z  QC 

u- 

3  =9 

o 

F-R  K 

ui 

V) 

a  a 

CL 

z 

F-  < 

oc  c- 

o 

UJ  z 

Z  UJ 

NR 

<  UI 

o  < 

u 

UJ  < 

O  CO 

-J 

Z  oc 

z 

z 

u 

u 

p— 

UJ 

o 

z 

Q 

►* 

P“ 

z  o 

z 

<  o 

UJ  oc 

u 

Z  oo 

O  UI 

H« 

M 

a:  < 

UJ 

UP  HR 

o 

a: 

CO  U- 

3  a 

ac 

00 

CL  OC 

3 

NR  NR 

P-  Z 

N 

UI  00 

o  < 

►- 

z 

O  < 

► 

ac  .j 

-J  u 

o 

U  *-1 

3  P- 

cc 

cl  < 

UJ  V) 

ac  u. 

a:  oo 

Uj 

>  *-» 

u. 

UJ  UJ 

u- 

> 

UI  oc 

UI  o 

3 

z  a 

V)  z 

o 

Z  UJ 

a 

Z 

h- 

F-R 

u 

F-  >- 

► 

« 

H- 

1 

UJ 

< 

1  -J 

z 

1  U 

p- 

oc 

t  z 

K 

« 

z  a. 

z  z 

1 

Z  ac 

O  UJ 

1 

Z  -1 

O  UJ 

UJ  p- 

NR  o 

UJ  < 

HR  00 

u 

-J  Z 

»-  z 

UJ 

— J  p- 

K  UJ 

-J 

CO  o 

3  O 

-J 

03  UJ 

3  ac 

H- 

o  o 

-J  O 

F- 

o  z 

.J  a 

HR 

oc 

o 

NR 

ac 

o 

►- 

CL 

CO 

p“ 

a. 

V) 

•  O  I  Z  • 

•  I  U  • 

«  19  I  H  * 

*  IV)* 

«  Ui  I  >»  * 

*  I  «/>  * 


U  I  <  * 
I  o  * 


SOLUTION  -  ELECTRO-DISCHARGE  MACHINING  CAN  BE  ADAPTED  TO  AUTOMATED  MACHINING 
OP  THE  COMPLEX  DRY  FLEXURE  SUPPORTS.  THIS  APPROACH  MILL  PROVIDE  THE 
FLEXIBILITY  TO  OPTIMIZE  THE  SUPPORT  DESIGN  FOR  QUANTITY  PRODUCTION. 


a 

UJ 

H- 

a 

UJ 

o  z 

O  QC 

04 

z 

CD 

UJ  < 

a 

UJ  3 

z 

o  < 

C A 

z 

>  Q 

04  UJ 

a  o 

-J 

to 

o 

<  z 

O  4C 

O  UJ 

>  ►- 

04  z  UJ 

-J 

UJ 

z 

CD  O 

z 

X  U 

CO  O  CO 

IHZ 

04 

CO 

z  04 

04 

►4  </> 

u  o 

a.  zu 

4hH 

3 

CO 

04  ac 

co  h- 

KJ  -J 

o 

QC  QC 

04  U  1“ 

QC  <  -J 

J— 

UJ 

3 

04  U 

1  < 

z 

ft. 

X  ac 

UJ  .J  1 

CO  CO 

CJ 

CO  o 

3 

QC  04 

a. 

n 

UJ 

u  o 

cj  a.  uj 

>-  a: 

o 

.J 

<o  a 

UJ  QC 

04 

3 

C£  UJ 

O  h- 

-J  UJ 

ac 

<  UJ 

UJ  o 

>  UJ 

X 

Z 

4£  CJ 

Q  O- 

Z*.!M 

4t  H* 

a. 

o>  > 

04  QC 

-J  *- 

CJ 

04 

Z 

<  CO 

o  w  x 

IV 

UJ  04 

a:  a. 

04  4C 

»- 

UJ  4S 

cd  a  uj 

a. 

<  X 

o 

X  ►— 

u 

CO  x 

ac 

Z 

-J  K- 

z  ac 

co  a.  qc 

CJ  < 

z 

o 

►—  u 

CD 

o 

id  a. 

U.  <  3 

to  O  UJ 

QC 

04 

CO  < 

>-  z 

QC  O 

>- 

CJ 

04  UJ 

o  a 

UJ  CJ  o- 

QC  41 

ac 

3  UJ 

<«  04 

o  z 

X 

CO  o 

a  uj 

u  k- 

UJ  ft. 

3 

o  ac 

CD  _| 

U.  04 

< 

to  CJ 

Z  04  u 

O  <0  UJ 

a- 

h- 

04 

QC 

CO 

O  4t 

0X0 

o:  co  aa 

*, 

O 

CJ  >- 

o  Z 

CO  3 

CO 

co  a 

04  U  QC 

ft.  UJ 

•o  X 

« 

CO 

UJ  _J 

Z  04 

CO  (O 

UJ 

04 

J- 

k  ft. 

-J  UJ 

*  ** 

u. 

z 

ac  *- 

UJ  « 

CJ 

z  o 

<  « 

>- 

uj  o  a 

to  3 

o 

Q.  z 

ini  <r 

CJ  UJ 

o 

CO 

uJ  -J 

— J  ♦“ 

IT 

ac  ac  04 

co  CO  z 

04 

UJ 

o 

O  X 

ac 

*- 

X 

-J  SC  ft. 

h- 

04  0-  > 

CO  UJ 

< 

0- 

U.  ac 

QC  U. 

QC 

a. 

04 

3  4t 

<  CJ  < 

04 

u_  o  a 

UJ  CJ 

o  u< 

UJ 

a  >- 

i 

3 

HU  O 

3 

u  ac 

-J  o 

u 

X 

0- 

> 

-J 

-J 

z 

CJ  O 

UJ 

CO  x  « 

CJ 

a 

-l  X 

UJ 

X 

-J 

-4 

O  UJ 

04 

QC 

Z 

o 

z  cj 

QC 

Z  UJ 

>- 

u 

04 

< 

z  ►- 

04 

« 

3 

04  • 

o4 

« 

-J 

«X 

CO 

u 

04  <4 

ac 

o 

-J 

uj  a 

CJ 

•  -J 

u 

o 

ac  ac 

o 

♦  u 

y-  co  < 

z 

to  04 

> 

QC 

to 

3  3 

ll. 

Cj 

o 

Z 

z  a  id 

o 

UJ 

lO  3 

04 

ON 

O 

H* 

*-  u 

04 

z 

04 

UJ  QC 

04 

UJ  UJ 

u. 

X 

u. 

Z 

o  u 

z 

ac 

04 

>  X  CO 

ac 

ac 

u  to 

< 

UJ 

<  4K 

04 

03 

►— 

u  « 

CD 

CJ 

O  UJ 

0- 

CO 

CJ 

o 

X 

u. 

1 

>■ 

CJ 

CO 

ac  o 

>- 

CO 

ae 

X 

CJ 

40 

z 

u 

3  ac 

z 

X  UJ 

3 

0.  >-  Cl 

X 

x  < 

X 

QC 

04 

ae 

z  o 

ae 

X 

X 

• 

04 

UJ 

ac 

CO 

ac 

04 

<  u. 

3 

z 

CJ 

a. 

O  CO  X 

ac 

X 

UJ  0- 

UJ 

3 

3 

X 

CD 

04 

CO 

co 

KM  U 

UJ 

0- 

Z  to 

N4 

y- 

3 

to 

UJ 

UJ 

z 

Ul 

► 

04  CO 

ac 

u 

UJ 

o  ac 

a 

to 

CO 

QC 

04 

ac  u  u. 

< 

10 

-J  3 

UJ 

ac 

UJ  o 

z 

a 

o 

3 

UJ  O  04  • 

-j 

UJ 

1  to 

*- 

u. 

a  to 

< 

QC 

a 

-J 

04  O'  >- 

CO 

UJ 

0- 

3 

• 

04  z 

X 

Ok  Uj  < 

QC  X  Z  Z 

3 

Z  cj 

< 

Z 

to 

<  UJ 

z 

CJ 

O  3 

QC  O  UJ 

— j 

04  04 

CD 

< 

UJ 

CO  • 

o 

► 

O  CO 

<ywi: 

3 

►  UK 

X 

3 

ae  z 

04 

o 

CD 

QC 

04 

CJ  X  *“  X 

X 

ac 

•« 

UJ 

3 

UJ  o  o 

H- 

ft.  > 

U-  CJ  04 

H- 

uj  ac 

u 

UJ 

HZN 

< 

CD  Q 

O  3  3 

O 

04 

Kt  uj 

■  ac  qj  z 

<  <  UJ 

«  O 


3  (0 

>-  UJ  X 

►4  CJ  UJ 

*-  3  K 

</>  O  tO 

m  uj  >- 

*  3  OC  tO 


JX< 
y  h  u 

>  04  04 

U  3  C 

O  UJ 
CO  x 

I  UJ  u  CO 

•-  O  Q 
Z  ac  at 

O  UJ  K  QC 

o*  H-  O  CD 

o-  h-  UJ  >• 

3  -C  -J  X 

j  m  u 

o  i 


UJ  UJ  •» 
Ik  h  U 
o  co  z  a> 
UJ  <  2 
Z  ►»  »-  04 
O  0.  CD 
h  UJ  LJ  o 


_J  CO  o 

<  a.  •  H- 
>-  04  o 
1/1  X  u  z 
zuuo 

04  <«  04 

•  -I  ►- 

i  x  a  o- 

UJ  UJ  o 
X  -J  QC  O 
WJ  CD  < 

_J  O  G 

ffia  22 
o  a.  < 


<  Q.  Q  O 
UJ  O  O  Ul 
JJK 

uj  a.  z 

u »  04 

IX  UJ  H  I 

<  o  04  z 

»-  3  ae 

•  U  3 
>  co  ac  au 
u.  h- 

04  04  O  Q 

0  3  Z 
o  o  o  < 

x  a:  m 

oc  ♦- 
*  (->  CD  z 

>■  UJ 

z  a  x  * 
o  ^  a. 

»  K  L  H 

K-  CD  O  3 
3  >*  ac  cj 
JXlkW 

o 


CO  HUJ< 
U.  CO  . 


<-*  X  CO  • 

O  ^  UJ  i 

a  »■* 
<  i  <  : 


QC  O  *- 
X  K-  V) 

u  i/i  ao 


o-  o  <o  ; 

<-  x 

♦-  a. 


u  h  x 
<  co  o 
Ik  UJ  u 
a:  >  ►- 
3  Z 
CO  04  UJ 

QC  • 
UJ  UJ  *  o 
K-  CD  3  UJ 

«  ►-a. 

z  _J  u.  o 
04  _j  o  _J 

I  H  (/)  UJ 


CO  o  o 
I  X  UJ 
»-  »-  UJ 
zo  4  ID 
O  Z  3 
H  U  J  J 
H*  Ct  <  _J 
3  *-  >  ►* 
JCOUI  3 

o 


i  H  O  UJ 
■  *4  Z  04 
I3<  > 


IK  U  *-> 

I  CD  O  ►- 

I  ►  QC  3 

'  x  a.  -j 

o 


-  *91 


CONDUCTOR  ANO  INSULATOR  PASTES.  DETERMINE  HYBRID  MATERIAL  PROPERTIES  AND 
INTERACTIVE  BEHAVOIR.  EVALUATE  ADHESION.  CONDUCTIVITY,  BONDAB I L I TY  AND 
S0L0ERA8ILITY.  OEFINE  PROCESS  CONTROLS. 


FUNDING  <SOOO> 


ll 


UJ 

• 

o 

0) 

a 

CD 

Ml 

A 

»- 

< 

UJ 

o 

44 

o  2 

A 

o 

-J 

•-4  O 

•J 

UJ 

ac  mi 

o 

o 

oc 

A  A 

2 

o  z 

A  2 

X  UJ 

2  X 

e 

X  UJ 

2 

x  o 

Z 

A 

2  *-4 

UJ 

A 

-J  A 

O  X 

>-  A 

A 

X  X 

M.  O 

4— 

X 

A 

M*  < 

A  Q 

O 

o  ac 

X  X 

X  A 

A 

a  o 

<-> 

a 

uj  ac 

ac 

a 

44  OC 

o 

-J  03 

CD 

UJ  X 

ac  o 

A 

a.  a 

X 

X  K 

A  u. 

oc 

X  X 

U- 

A  UJ 

4C 

CD 

o 

a. 

U  A 

2  'fi 

>- 

O  -1 

ac 

a  o 

O 

X  CM 

X 

x 

o 

<_> 

M-  O 

3  a 

ac  Z 

u. 

UJ  UJ 

Ml  I 

a. 

o 

X 

UJ  o 

u.  2 

3  M 

u 

UJ 

A  A 

00 

Ll.  a 

O  UJ 

ac 

3 

a: 

<  A 

UJ 

<  X 

A  X 

x  a 

z 

x 

UJ  2 

3 

o 

Ml 

3  X 

►-* 

a.  UJ 

d 

2  X 

U  3 

>■  U 

A 

UJ 

CO  > 

Ml 

00 

o  X 

< 

a: 

2 

o 

2  • 

z 

A 

o  o 

uj  a 

o 

a: 

3  O  A 

X 

Ml 

A  A 

44  44 

» 

o 

x 

auik 

o 

3 

U  2 

A  X 

a 

A 

3 

Ml  U. 

UJ 

u 

UJ  X 

A  O 

ik 

3  A  O 

A 

CL 

-J  A 

>■  2 

o 

d  CD  UJ 

A 

UJ  00 

x  o 

A  W) 

z 

UJ  O 

o 

u 

00  2 

u 

x  a 

< 

atQ< 

2 

o 

Ul  U 

x  « 

u  ac 

X 

a 

a  u 

o 

A 

a  u  a 

Ml 

2 

UJ 

a 

O  3 

00 

2 

UJ  A 

A  A 

A 

2  o  A 

UJ 

O 

2  X 

A  O 

X 

O  A 

00 

ac 

O  X 

UJ  X 

o 

V)  QC  M 

oo 

a 

CL  A 

> 

CD 

x  a  _J 

u 

u 

X 

«-4  a 

UJ  A 

u 

UJ 

O  A 

A  O 

A 

K  U  CD 

o  • 

3 

<->  2 

O  _J 

a 

w  m  < 

ac  oo 

UJ 

UJ 

-J 

3 

A  A 

a.  a 

o 

O  A 

»-  <* 

O 

00  Z  J 

44 

ac 

Z  X 

A 

a 

X  UJ 

o  3 

u> 

X  UJ 

O  O 

A 

A  O  A 

UJ  o 

Ml 

u 

u 

2 

>  ac 

X 

x  z 

0  2  0 

O  A 

Ml  X 

U  A 

u 

a.  x  z 

X  u 

a 

ac 

X  X 

A 

x  x  x 

a. 

►4 

UJ  o 

¥-  UJ 

X 

UJ  A 

Z  o 

ac 

A  A 

X 

a  a 

►4  A 

A 

44 

UJ  A 

oc 

>■  00 

ac 

► 

K  UJ 

z  o 

UJ 

Q  A  O 

a.  a 

X 

O  3 

44  CL 

u 

UhU 

o  a 

U 

X  A 

U  00 

— J  X 

A 

2  >» 

A 

a. 

Z  2  UJ 

UJ 

00 

CO  O 

UJ  UJ 

o 

4  U  J 

>  A 

o 

M4 

^  4- 

-J 

>  O  CD 

u  a 

u 

00  2 

UJ  44 

UJ 

o  x 

O  A 

UJ  o 

o  z 

> 

4  IS  U 

0) 

a 

a  h  » 

44  . 

V) 

UJ 

2  a 

1  2 

o 

a  o 

1  Ll. 

a 

o 

<  A  3 

UJ 

-j 

J  — C  UJ 

A 

O  00 

2  O 

u  ac 

Z  UJ  1 

a 

1 

X  X 

o 

i 

C  H  H 

o  z 

03 

UJ  X  X 

*-•  X 

uj  ac  3 

44  44  i 

>- 

UJ 

3  O  A 

A  O 

UJ 

_j  aj  o 

U*  u  1 

X 

3 

03  X  A 

3  A 

-1 

CD  4  UJ 

3  UJ 

A 

o  ex  a 

•J  X 

A 

OIL  K 

-J  O 

1 

A 

oc 

o 

A 

ac 

o 

1 

A 

Q. 

00 

A 

& 

A 

< 

A 

X 

A 

O  3 

3 

O 

2  2 

A 

X 

3 

>- 

A  • 

44  44 

Ml 

4- 

A 

4- 

A 

X 

A  3 

44 

O 

44 

Z  4- 

X  A 

44 

a 

A 

3 

o  z 

A 

3  A 

O 

O 

3  A 

X 

44  3 

3 

A  X 

3 

2 

«H 

4% 

X 

3  4-2 

A 

X 

3 

A 

A 

ID 

4-  O 

CT 

C_>  o 

A 

2 

A 

3 

3  A 

3 

2  A 

a 

A 

44 

2  4  a 

4 

2  X 

d 

3  2 

X 

UJ 

mi  CM 

00 

z  o 

3 

O  3 

A 

X 

Z 

UJ 

X  *44 

3 

o  o 

A 

X  > 

A 

4C 

z 

4—  3 

A 

o 

-3  3 

X 

3 

A 

< 

Ml  >  » 

A 

A  3 

O 

O  QL 

A 

X 

O 

A 

a  44  >. 

3 

3  2 

2 

X  A 

A 

A 

O 

A  o 

O 

4-  44 

X 

• 

A 

3  A  « 

O  Z  3 

3  O 

A 

3 

O 

< 

>-  «  A 

A 

►4  A 

A 

X  A 

A 

> 

UJ 

►— 

<  A  3 

A 

41 

A 

A 

O 

O 

o 

2 

A  <-> 

O  A 

3 

A 

X 

X 

UJ 

O  O  U 

* 

2  4- 

U 

•  3 

A 

3 

u 

C. 

3  2  < 

A 

x  to 

O 

3  O 

2 

A 

o 

4-  « 

>- 

A 

A  A 

O 

o 

Z  3 

2 

»  A 

A 

X  A 

o  o 

u 

UJ 

A 

44  3  4* 

3 

>-  A 

A  2 

A 

A 

z 

4- 

>  2 

X 

3 

3 

O 

3 

3 

a 

z 

O  44  O 

3 

A  X 

• 

:» 

3  O 

X 

O 

O 

4- 

o 

3 

4-4-M* 

A 

X  4- 

A 

44 

X 

A 

2 

44 

O 

2 

O  A 

3 

3  44 

4- 

A 

A  A 

M 

A 

< 

►— 

O 

A  <  2 

3  a  a 

o 

2 

U 

A 

2 

Lk 

2 

A 

Ml  3 

a 

A 

X 

3 

X  A 

O 

X 

O 

3 

3 

X 

X  X 

• 

3 

<  3 

A 

A  O  A 

3 

►- 

Z 

X 

o 

>-4-44 

A 

A 

X 

2 

X 

A  A 

to 

3 

2 

CJ 

O  O  Q 

A 

4  A 

O 

3 

A  A 

z 

o 

UJ 

X 

A 

O  A 

3 

X 

4-  LD 

U 

A 

Z 

3  • 

a 

3  3 

Z 

A 

Z  3 

Z 

3  A 

A 

4 

< 

u 

>  O 

44 

O  A  X 

A 

44 

3  4- 

3 

X 

3  3 

X 

CO 

A 

X 

O  Ml 

A 

Z  4-  3 

O 

3 

X  2 

O 

a  A 

3 

z 

O 

♦“ 

O  A 

A 

X  Z  A 

44 

A 

3  44 

O 

A 

44  44 

a. 

44 

A 

>- 

UU4-Z 

< 

U> 

3 

44 

A  3 

A 

< 

2 

X  M* 

X 

3  2  X 

■H* 

4- 

X  A 

3  O 

3 

A 

4- 

44 

44  U 

4—0  3 

A 

3  4- 

O 

A 

A  3 

A 

X 

Z 

X  3 

3 

A 

O 

3 

A  2 

A 

o 

A 

3 

X 

UJ 

o 

O 

Z 

3  X  A 

Ml 

3 

X 

A 

3 

3 

a- 

UJ 

o  o 

44 

ZOO 

4- 

O 

A  2 

A 

O 

X  00 

A 

A 

A 

>-  A 

3 

44  u  3 

U 

1- 

O  O 

3 

A  3 

O 

A 

3 

A 

A 

3 

3 

A 

A 

Z 

X 

O 

A 

3 

A 

44 

A  3  O 

3 

X 

A  X 

O 

2 

3  A 

3 

-J 

ML 

A  3 

A 

mi  4-  UJ 

3 

X 

2  O 

O 

>  3 

3 

A 

CL 

CM 

3  X 

A  3  3 

44 

A 

O  O 

o 

o 

O  X 

CL 

2  • 

A 

A 

A 

U  4- 

A 

h-  A  Z 

o 

O 

44 

z 

X 

A 

3  A 

U 

3 

w 

O 

A  U 

o 

4-  3 

44 

3 

3  « 

X  A 

M 

A 

A  3 

>- 

A  4 

3 

A 

X  f 

►- 

X 

A  X 

X 

3  O 

z 

UJ 

A  O 

O 

2  44  4-1 

3 

A  >-  3 

X 

A 

3 

o 

CL  U 

o 

U 

2 

Z 

H  Q  4 

A 

44  A 

3 

O  A 

A 

A 

o 

« 

A  4- 

3 

< 

< 

X  o 

A 

A 

A  X 

X 

3  3 

*- 

A 

A 

3 

Q  4-  1 

44 

44  A 

O 

A 

a  o 

o 

z 

O 

A  O 

a 

2  Z 

A 

A 

3  44 

O 

A  A 

a 

3  3 

UJ 

o 

A 

O  U 

3 

3  3  2 

X 

O 

O 

3 

o 

A  A 

o 

A  O 

44 

44 

3 

A 

A  X  O 

> 

3 

O 

3 

2 

3  A 

3 

3 

UJ 

A 

o 

3  3 

A 

4-  3  mi 

3 

2  O 

A 

44 

U  Q 

3 

3  A 

A 

• 

>  X 

3  4- 

2 

> 

X  Z 

A 

A 

O 

> 

X 

a 

UJ 

UJ  A 

3  4- 

O 

3  3  3 

O 

3 

44 

A 

A  A 

3 

A  O 

u 

> 

X  UJ 

O 

44 

X  3 

44 

O 

4  4* 

X 

X 

a.  o 

O 

2 

►- 

Z 

h*  > 

3 

a 

>-3  0 

4- 

3  X 

O 

X 

3  X 

< 

o 

44 

1  O 

< 

2  00 

X 

1 

U  A 

44 

O  2 

1 

A 

A 

u 

1  A 

3 

A 

•  44  3 

A 

z  o 

X 

1 

2  O  • 

X  3 

O 

O 

Z  Q 

3  A 

2 

2 

X  A 

AAA 

2 

2  3 

UJ 

1 

X 

O  3 

1 

X  A 

3 

O 

A  A 

1 

X 

Z  A  X 

o 

A  Q 

H> 

Uj  4- 

44  OC 

3  44  O 

A 

M* 

3  O 

3 

X  o  u 

A 

X  A 

Z 

u 

3  A 

►- 

3 

3  A  3 

X 

>■ 

A  3 

3 

3 

3  2  X 

A 

A  A 

44 

-J 

A  O 

3  O 

3 

A  4-  3 

o 

3  A  2 

3 

CO 

3  3  A 

3  3  3 

4- 

o  u 

3  4- 

V- 

O  A  2 

u 

3 

X  44 

4- 

o 

0  3  0 

3 

3  A 

1 

M4 

A 

O 

44 

A 

O 

44 

A 

O 

1 

4- 

A 

A 

4- 

A 

A 

A 

A 

A 

A 

Z  rO 

3  <f 


»o 

o 


H*  h- 

Q 

QC 

3  -J 

< 

MM 

>- 

CO  3 

UI 

UI 

CD 

CO 

-J 

UI  x 

>-  UJ 

Q 

03  *- 

a 

-J  QC 

J- 

UI 

UJ 

H- 

z 

as 

M-  UJ 

> 

co  a 

ui 

3 

o  o 

o 

O  _J 

z 

►- 

z  z 

X 

o  3 

o 

O 

Z  MM 

UJ 

O 

Q. 

< 

<  00 

QC 

Q  O 

X 

u. 

u 

Z 

o 

3 

M 

UJ 

<C  X 

u 

z 

>-  <✓) 

cu 

u 

< 

M-  a 

3  J-. 

X 

X 

MM  »-« 

►- 

O  X 

o 

co  a 

m 

-1  3 

QC 

UJ 

z 

3 

CO 

U. 

03 

UJ  o 

X 

00 

a  z 

0/3  M- 

a 

3 

W  M  z 

-i 

O  Q 

Q 

MM 

o 

Z 

QC  CO 

A 

< 

oo  o 

© 

<  z 

o 

UI 

MM  3 

z 

o 

UJ 

— J 

X 

O 

<  m  u 

3 

*-  oc 

z 

o 

t 

z 

u 

Uj 

MM 

u.  o 

o 

•  O 

> 

a 

o  *- 

M- 

MH 

00  _J 

o 

z 

Z 

> 

o  o 

X 

« 

ac  oo 

O 

UI 

ac  (/> 

UJ 

UJ  < 

CJ 

a 

« 

QC 

a 

o 

MM 

o  u_ 

u 

ac  X 

UJ 

z  o 

OC  • 

Q 

o  u 

> 

< 

o  o 

UJ 

3 

MM 

h-  h- 

u.  o 

UI 

CO  oo 

C/5 

h- 

oo  z 

z 

z 

MM 

o 

O 

UJ 

UJ  H- 

© 

X  CO 

« 

< 

-J  X 

Z  UI 

z 

UJ 

I-  UJ 

UJ 

MM  U 

MM  X 

*M 

as 

CO 

-J 

u 

X  —J 

X 

o 

< 

co 

♦— 

o  a. 

"M 

00  u  < 

h- 

o 

OS  h- 

MC  MM 

iS 

CO 

UI  UI 

Z 

X 

UJ  MM 

X  Q 

u 

a 

O  U  QC 

UJ 

Q.  0C 

< 

03 

<  o  < 

z 

z 

CD 

O  OC 

a. 

3 

CL 

o 

o 

o  x 

UJ  UI 

Q. 

CO  CO  X 

CL 

Z  UI 

h-  o 

UJ  o 

X 

o 

MM 

<  -1 

z 

>• 

JM  3 

o 

UJ 

&  a 

X  o 

u 

h“ 

mm  a:  x 

u 

CO 

a.  _j 

O  CO 

z 

MM 

X  UJ 

CO 

3 

MM  O 

h- 

o 

CO 

CO  o 

o 

X 

a  © 

3  UJ 

CL 

z 

kfi  o 

mm 

o 

• 

• 

<  -J 

X 

Ui 

<  H- 

z 

X 

o 

QC  ♦-  UJ 

m 

© 

o 

a 

o 

u 

z 

UJ  Z  as 

Z  3 

u 

Z  X  uj 

ac 

MM 

a  uj  3 

<  O 

Z 

<  h-  as 

h- 

o 

H- 

-J  >  -J 

a 

UJ 

© 

MM  MM 

U 

-J 

< 

O  U  H 

CL 

as 

MM 

00  3  3 

u 

o 

— J 

00  QC  « 

o  a 

3 

z 

UJ  © 

-1 

o 

& 

X  u 

-J  UI 

M- 

Z  O  UJ 

UJ 

UJ 

UI  as 

MM 

< 

MM  UJ  QC 

UJ 

a 

JOU 

>  MH 

z 

ac 

_J  JSI 

o 

> 

-J 

3  ►—  as 

UJ  3 

MM 

M- 

MM  CO 

UJ 

o 

o 

3  3 

Q  <3 

X 

-J 

-J  -J  UJ 

H* 

X 

O  O  ►  H* 

UJ 

03 

3 

hmU 

< 

UJ 

o  a  < 

1  ac 

3 

K 

QC 

1 

«  X 

</5 

1 

3  a 

O 

-J  00  UI 

Z  UJ 

m  co 

UJ 

1 

X 

<  CO  QC 

O  X 

1 

X 

► 

►- 

UJ 

3  u  a. 

MM  M— 

UJ 

I  JQ 

z 

UJ 

-J 

z  u 

¥- 

UJ 

-J 

-J  < 

MM 

-J 

03 

<  UJ  z 

3  >• 

-4 

03 

MM  3  UJ 

o 

X  Z  MM 

-J  03 

O 

3  U 

1 

MM 

ce 

O 

MM 

as 

1 

M* 

a. 

CO 

K 

a. 

*» 

•M 

H- 

00 

* 

m 

in 

UJ 

o 

o 

z 

o 

** 

MM 

HIM 
Q.  UJ 

<  >■  U  • 
Q  »-  mm  2 

<  »  O 

M  W  m 
I  Z  Q  H 


H  13  K  M 
3  mm  O  < 
ji<a 

o 


OS  <✓>  UI  • 

O  J  £  Q 
U.  <t  UJ  UJ 

Z  mO  V) 
O  QC  O  3 
OU3 
K  "J  CO 


X  MM  •  O  h- 

Q  ►  Z 

o  oc  as  ac  ui 

UJ  «  »-  **  x 

rsi  o  i/>  uj  uj 

mm  z  3  x  © 

a  <at-o 

OC  Z  3 

<  M  «  O  “5 

Q 

z  Oh-  o 

<  2302 

h-  o  z  o 

CO  I  X  mm  as 

0  0  3 
»  I  3K 

UJ  O  O  z 
uj  ^  a:  CJ  UJ 

_J  OJ  X  o  X 

M-  O  M-  <  3 

mm  a: 

m-  a. 


o  x  x  3 
nU<  J 
k  mo:  < 
3  X  <  > 
J  3  CL  UJ 
O 


Ui  _J  ( 

-J  03  CO  1 

H*  O  MM  1 

mm  a: 


COMPONENT  —  INTEGRATED  ELECTRONICS  (CONTINUED* 


CO 

3 

O 

z 

UJ  < 

< 

2 

o 

2 

UJ 

O 

ac 

CO 

3 

PH 

o  a 

X  » 

M 

rs»  • 

k* 

3 

♦- 

*- 

a  uj 

O  _J 

CO 

Mt  UJ 

ac 

ac 

¥- 

a 

ac 

HI 

2  4 

I/O 

M»  4 

3 

ac  3 

CO 

o 

3 

3 

o 

a 

4  k- 

CO  3 

X  2 

X 

4  3 

3 

ac  3 

a. 

2 

3 

3 

o 

X  2 

kH 

© 

3  O 

3 

3 

a.  mi 

PH 

X 

k-  4 

UJ 

UJ  PH 

« 

3  O 

3 

>-  00 

o 

X 

>* 

»- 

o 

_J 

k-  3 

ac  co  ac 

O  X 

a 

4  2 

o 

-t 

2 

o 

co  a. 

PH 

4 

< 

o 

o 

3  O  CO 

3 

a 

3 

o 

co  x 

3 

ac 

a 

X  © 

X 

k  H  UJ 

» 

QC 

X 

4 

UJ  kH 

•  -J 

o  < 

«t 

2 

1-  ►-  CO 

CO 

2 

«x 

2 

-J 

CO  Ml 

2  O 

ac 

•  kH 

o 

J  <  1/) 

a 

O 

o 

© 

o 

2 

ac  a 

<  < 

k-  Q 

3 

3  0  3 

ac 

09 

PH 

*- 

U  O 

o 

ac 

ac 

u 

CO  o 

»H 

X  m  ac 

3 

3 

>  M* 

k-  • 

UJ 

ac 

o 

o  u 

3 

3  k- 

o  o 

o 

< 

CO 

< 

CO  X 

o 

o  uj 

2 

O  UJ 

CD 

co 

2  m»  CO 

2 

& 

3 

»- 

X  k- 

k-»  _J 

2 

a*  o 

4 

o 

o 

Ml  O 

3 

co 

2 

2 

3 

CO  Ml 

O 

4  2 

a 

© 

• 

ac 

U  Q 

k- 

2 

HE 

pH 

3 

CO  09 

2  3 

D. 

-1  4 

►H 

u.  » 

3 

fH 

ZEE 

CO  O  3 

2 

ac 

4 

CO 

Q 

3 

X  UJ 

3 

o 

o  w< 

o  ac 

© 

O 

O  • 

ac  uj 

2 

2  Ml 

© 

3 

3 

09 

Ml  O 

a 

• 

O 

M- 

a. 

k-  CO 

k-  k“ 

4 

O  3 

(0  3  0 

k-  •  CD 

ac  o  2 

2 

X 

CO  UJ 

4 

ac 

M.  i D 

UI 

UJ  o 

© 

3 

4  CO 

3 

Ml 

© 

3 

o 

k^  *— 1 

x  ac 

k- 

k- 

X 

M  O 

X 

ac 

a:  3  3 

o 

>■ 

z 

2 

o 

CO  k- 

-J  k- 

«t  4 

k* 

Ml  X 

MR 

>-*-<-> 

Oi 

O 

3 

t-H 

O 

2  ac 

Ml  CO 

ac 

CJ 

X 

>- 

3 

CO  <  3 

ac. 

O 

ac 

3 

3 

4  Uj 

3  CO 

« 

MR  UI 

O 

mi  ac 

3 

m«  2  O 

k- 

CL 

3 

3 

X 

o 

ac  a. 

3 

3 

ac  > 

k- 

2  UJ 

a. 

O 

O  Ml  UJ 

P-N 

X 

3 

© 

o 

k-  O 

2  CO 

3 

CD  Mt 

Ml  > 

CL 

3 

3  X  ac 

3 

kH 

3 

o 

© 

ac 

PH 

a 

4  UI 

♦— 

X  Ml 

3 

k- 

ac  4 

o 

O 

2 

X  Q. 

X  UJ 

o 

3  O 

PH 

3 

CO 

2 

1  3  3 

ac 

3 

O 

00 

© 

PH 

3 

k*  X 

X 

UI 

k-  O 

Ml 

CO  3 

PH 

3 

P- 

2 

k- 

kH  _J 

►- 

o  ac 

k- 

4  UJ 

ac 

ac 

Ml  3  Ml 

O 

o 

tH 

2 

3  4 

u. 

ac 

2 

►H 

X  ac 

3 

a 

X  00  3 

3  a 

a: 

Q 

3 

O 

O  UJ 

UJ 

4  k- 

X 

k- 

3 

4 

a 

3  3 

« 

3 

O 

2  kH 

© 

k~ 

X  CO  CO 

►  O 

ac 

ac  09  M* 

3 

PH 

M 

o 

O 

X 

*h  ac 

o  4 

3 

3 

2 

X  3 

a. 

3 

3  4 

3 

3 

03 

X 

X  k" 

U-  X 

X 

X  X 

4 

ac  3 

>* 

>»  ac  x 

2 

PH 

3 

k-  U 

X  4 

PH 

u 

ac 

O  3 

pH 

<3k 

*M 

3  O 

k- 

ac 

a 

a:  ph 

m-  a 


►h  co  x 

X  o  o 

*-  O  UJ 

X  © 

o  H- 


a:  co  ui  • 
a.  4  “>  ► 
h-  o  k- 
co  co  ac  mi 
HU  1  J 

X 

►-  O  •  to 

►-  ac  *« 

I  O  2 
X  00  ph 
Z  4  CO  < 
oauh 
h  (0  uz 

t-  O  O  mi 

3  k  a  < 
j  L  a.  c 
o 


M*  I  X 

3  UJ 
I  X  2  09 

UJ  PH 

UJ  Jh  ► 

-i  ®  a.  < 

k-  O  O  X 


3  09  O  1 

H  OU< 

*m  X 

k-  0. 


»-  4  k-  CO 
4  mi  3 


Ik  h  <  Z 
2UK 

o  z  ►-  x 
u  3  a 

U.  •  2 
UJ  UJ  PH 

o  >-  _J 

3  IB  3  C 
O  0  3 
ui  £  o  o 
0C  U  C  ik 

o 

I  Z  I9< 
O  2 

X  CL  p-»  Z 

O  V)  o  H 
*“<2  0 
M  4  O  k- 
3  K  Z  h 


Ml  2  3 

IHIJ 

o  h  z  y 
ZM<C 
4  3  _J 


_J  4  _J  O 

H  u  o  z 

<  OC  K  N 
IkUhO 
2  2  Z 

3  kH  o  o 

4  U  CD 
M  CO 

E  QO>> 

ui  ac  2  m 

*-4  4 
4  o  o 

X  CD  CO  UJ 

-j  a 

l#-43 

PH  tH  O 

X  3  QC  o 
UJ  O  UI  X 
J  X  k  k 

O  o  X  M 


J  k  O  • 
m.  4  ac  m- 


•h  o  p-» 

*-  4  O  «J 
3  J  Z  Ui 


MHT  FIVE  YEAR  PLAN 
RCS  DRCHT  126 


■a- 

CD 


O 

10 

cm 


o 


CO  UJ 

oo 

Ui 

K 

Ui 

** 

X  k- 

k- 

a: 

M 

X 

a  X 

X 

•  00 

M 

e> 

M 

-J 

u 

UI 

k* 

k- 

< 

3 

z 

3 

M 

M 

a. 

CO 

o. 

>-  a 

o 

M 

C3 

cn 

3 

z 

X 

Z  OO 

a 

_j 

(X 

00 

UJ 

X 

O0 

a 

o 

X 

O  X 

UJ 

UJ  o 

k- 

M 

3 

ac 

M 

UJ 

M 

00 

X 

00  o 

»-  z 

z  • 

u 

-J 

a 

UJ 

I-  UJ 

a 

UJ  z 

<  < 

UJ  00 

1 

oo 

UJ 

UI 

o 

UJ 

X 

o  <_> 

UI 

00  UJ  u. 

_J  X 

X 

O  X 

o 

• 

X 

ac 

X 

u 

X 

3  Z 

> 

o 

00  o 

o  z 

M  •» 

z  u 

QC 

CO 

z 

X 

O  X 

M 

ex 

o 

x  uj 

X  u 

M  J— 

o 

o 

a 

3 

X 

o  o 

Vi 

< 

a.  o 

k- 

O  X 

ac  oo 

M 

a. 

UJ  z 

QC 

> 

o 

ex  m 

z 

o 

X  o 

3  z 

ac  *-• 

k-  >- 

X 

(_> 

O 

X 

a 

k- 

a  3 

u» 

CO 

UJ  X 

QC  m 

a.  *- 

O0  oo 

u. 

3 

M 

t- 

00 

X 

o 

a 

►— 

X  X 

a. 

X 

o 

o  t— 

UI 

>- 

• 

X 

t— 

UI  UI 

k-  X 

x  z 

o  o 

«J 

UJ  u 

o 

3 

z 

k“ 

Z  UI 

UI 

M 

CD  X 

o 

Z  M 

M 

k- 

ex 

3  UI 

ct 

X 

M 

O  -J 

3 

o  a: 

z  •-« 

X  z 

u. 

Vi 

o 

k- 

M 

3 

M  M 

o 

o 

-J  X 

UJ  o 

m  k— 

o 

o 

o 

UJ 

X 

z 

z 

M 

k-  00 

z 

ex 

-J 

h- 

X 

>■  QC 

z 

00 

© 

J— 

ex 

-I 

X 

M 

CO 

X  </) 

X 

M 

m  a 

x  z 

CO  O' 

k-  k- 

M 

►— 

• 

CL 

o 

X 

U  M 

V) 

© 

31  00 

_l  o 

o  < 

M  O 

X 

•  z 

o  a 

UI 

k* 

UJ 

to 

z 

*■"«  X 

o 

X 

>- 

O.  M 

-D  a 

00  UJ 

»- 

UI 

z  UJ 

_J  X 

U. 

►- 

<_) 

M 

u. 

ex 

UJ 

cx 

00  X 

M 

UJ 

Z  -1 

z 

X 

aj  o 

o 

M 

M  UJ 

X 

-j 

x  Z  ex 

cx  o 

UJ  QC 

UJ  UJ 

© 

o 

o 

X 

M 

»■» 

z 

u 

-1  k- 

o 

a. 

Z  ex  1 

UJ  UJ 

x  a. 

Q 

z 

0- 

>■  ac 

M 

UJ 

QC 

M 

o 

X 

X  X 

CO 

X 

X 

UJ  X 

o.  a 

X 

UJ 

M 

X 

k  a. 

—i 

3 

u 

oo 

ex 

k* 

3  Z 

o 

-J 

k- 

a.  oo 

00  Z 

O  _l 

k- 

o 

M  x 

CD 

_l 

H- 

C3  ex 

k- 

© 

a 

k»  k- 

o  z 

UJ 

z  *-• 

k- 

a 

-J  M 

X  O  x 

w 

© 

u. 

UJ 

M 

i 

X  u 

CJ  M 

UJ  UJ 

M  CO 

3 

M 

> 

z 

3 

UI 

O 

*  k- 

3 

z 

z 

0.  o 

X  aC 

00 

x  oo 

a. 

Vi 

CD  >- 

X 

M 

Z 

z 

_J 

_l 

u 

M 

o 

OJ 

00  k- 

k-  O 

ac 

U  M 

Vi 

<  -J 

□ 

o 

u 

UJ 

z  X 

(X 

z 

M 

IT  _l  U 

<0  UJ 

UJ  U.  CD 

*-  © 


O  Oj 
UJ  MM 

_J  h  W 


u 

o 

O  QC  3 

</) 

o 

3 

3  ui 

Z  X  3  • 

X 

X 

X 

-J 

X 

o 

OO  X  x 

00 

U_  (X 

-J  3  X 

X 

o 

a 

z 

M 

CJJ  CD 

UJ  k-  O  00 

o 

NJ 

UJ 

ac 

z 

OD  O 

UI 

k-  I 

00 

uj 

3  U  X 

ex 

UI 

M 

k- 

2hu2 

00 

M 

u. 

ac 

o 

X 

UJ 

00 

cx  o 

a 

UI 

UJ  Q. 

O  k- 

M 

X 

f- 

cx 

3 

»  Z 

o  a  ac  o 

-J 

o 

L_ 

-J 

k-  ac 

oo 

X  UI 

a 

o 

X 

U  UJ 

U. 

o 

O 

3 

k-  X 

CL  n 

UI 

M 

k- 

u 

CL 

M  UJ 

UJ  CL  X 

UJ 

o 

•X  Z 

k-  3 

CO 

UI 

k* 

OD 

X  O 

X  ^  X  ►« 

o 

►- 

o 

z 

3  3 

O  X 

a. 

ac 

k-  M 

oxo 

z 

3 

u 

3 

o 

o  o 

ac 

3 

z 

k- 

3 

z 

O  O 

o  ©  z 

3 

00 

Q. 

X 

Z  O  «J 

M 

k* 

o 

X 

a 

a. 

00 

UJ  O  O  ui 

X 

O 

ac 

o 

ac  3 

ac 

o  o 

-J 

u 

z 

M  M  u. 

X 

M 

ac 

u. 

Vi 

UJ  k- 

k-  k»  Z 

3 

a 

00 

UJ 

z 

M 

CL 

M 

UI 

M 

O 

3  m 

k-  k- 

k- 

3  CL 

3 

UJ 

ac 

3  Z 

00  Z 

z 

M 

k- 

O  X 

**J  k- 

> 

z 

z 

ac  r-* 

Z  CO  X 

O 

Z 

k* 

o 

UI 

00  Co  U  O 

U. 

X 

O  O 

u. 

k» 

U J 

JUU 

o 

M 

a 

Ui  3 

Ui 

ex 

00 

X 

X 

u 

•  z 

UI  3  0 

o 

X 

ac 

-J 

o 

k-  •-* 

X 

00  ui 

a 

cx 

k- 

O 

CC>2 

-J 

M 

UJ 

X 

QC 

UI  o 

-J  U  O  cx 

z 

X 

a. 

M 

X  3 

k- 

X  3 

k- 

z 

Z 

CL  Z  m 

m 

u 

M 

k- 

a 

X  0. 

a  o  uj 

z 

o 

ac 

& 

u 

3 

M  O 

UJ 

© 

M 

X  >* 

M  k- 

M 

k* 

a 

O0 

X 

3  X 

X  O  k* 

o 

M 

o 

k- 

cx 

U  OO 

CL 

-j  ac 

CD 

UJ 

ac 

-J 

Z  CL 

X 

K- 

M 

o 

cO 

o 

3  O 

Ul  O  UJ  z 

M 

00 

o 

O 

o 

3 

z 

o 

M  CL 

-J 

a. 

CL  UJ 

UJ  •  o 

UJ 

z 

-J 

-J 

3 

UJ 

O  0J 

J  M  00  M 

k- 

UJ 

ac 

3 

z 

h- 

u.  o 

-J 

X 

-J 

UJ 

3  k- 

UJ  o 

UJ 

X 

Ui 

00 

k- 

> 

k-  X 

X 

o 

a. 

a 

X 

U 

O  M 

UI 

>  X 

-J 

z 

X 

CX  QC  CX 

u 

00 

3 

> 

o 

uj  x  uj  ac 

rsi 

z 

a 

X 

k- 

» 

X 

M 

o 

UJ 

k-  X 

oxo 

1 

UJ 

a 

UJ 

ui 

a 

UI  UJ 

oo  ac  a  o 

M 

UI 

k- 

o  o 

OO 

u. 

UJ  O 

UI 

X 

3 

UI 

UI 

UJ  M 

IDOL 

M 

ac 

o 

3 

U. 

X  o 

3  v  u. 

-J 

X 

Z 

O 

z  o 

3 

00  Ui 

o 

UJ  k- 

ac 

00  X 

CD 

X 

a. 

o 

ao 

z 

k-  X 

X  z 

M 

H- 

UJ 

M 

M 

Z 

3  Z 

X  ri 

(0 

z  cd  ui  ec 

O  CD  M 
M  X  3 
k-  UJ  >-  C3 

3K<y 
-i  <  x  <x 
o 


UJ  >  X 

-J  CO  UJ  X 

k-  o  o  o 


O  M  O  UJ 
M  u.  M  O 
k-  O)  _J 

3  o  z  o 

J  M  W 

o 


o 

UJ 

3 


UJ  x 
y~  u 

X 
UJ  Q 


P“  00 

X  u 


o 

UJ 


o 

UJ 

H- 

2 


O 

a 


o 

u 


z 

CD 


U 

X 


00 

u 

o 

a 


o 

o 


3 

< 

I 


o  x 

Z  UJ 
p— 
P-  00 

z  >- 

»H  00 

x 

x  u 


i  o 
o 


at  x 
©  X 


p-  z 

<  -J 


Q  U. 
3 


•m  a. 

3 
>■  UJ 
I-  P- 
i-»  < 

-J  -J 

uh  a. 

CL 

<  UJ 

a.  z 
«  •-* 
o  j 

o  u 

z  *-l 

Ml  p- 

co  >• 

W  «J 
UJ  o 
o  x 

o  P— 

x  u 

X  UJ 
_J 
a  uj 

x  a 
CO  z 
>-  < 
X 

00 
X  UJ 
-J  3 

a> 


u  u 

M  LI  I 
X  H-  00 
b-  P- 

U  b* 

x  3 

oxo 

_j  a.  a 

UJ  <  M 

>  a  u 
uj  o 
o  O  X 
X  -I 
I  P-  bt 
*-«  U- 
Z  -J 
o  O  X 

HhU 

p-  o  ** 
3  X  I 
J  i  u 
o 

CO 


o 

CD 


e> 

z 


3 

a 

o 

ac 

a 

u. 

o 


H-  O 

o  z 


go  o 
3  — J 

00  00 


<->  z 
o  ■« 


>  CO 
N4  3 


-J  3 
-J  CD 

U-  UJ 


</> 

o  z 
ac  oc 
■C  UJ 
O  P- 

<s  u- 
•< 
H-  0. 

3  © 
U  Z 


U  UJ  h 

3  X  00 

□  h-  >■ 


IQ  Z 

at  O 


oo 

>— 

z 


o 

-J 


o 

at 

CL 


— J  00 
CD  « 

o  a 


♦ 

♦ 

♦ 


l  o 

UJ 
X  ►* 


>- 

z 

a 

o 

UJ 

o 

ac 

X 

-J 

H* 

uj 

Z 

o 

_j 

h- 

o 

b~ 

u 

< 

u 

CD 

o 

X 

< 

< 

UJ 

o 

u  • 

o 

00 

-<  00 

3 

z 

UJ 

p-  z 

Q 

u 

X 

ft.  © 

o 

00 

P- 

O  b-> 

ac 

b~ 

Cl. 

X 

X 

u  <a 

p- 

o 

►- 

Ui 

»— < 

a. 

X  P-A 

CO 

a 

U- 

a.  x 

«  <-« 

p- 

CO 

Q 

at  -J 

o 

z 

UJ 

CD 

z 

o 

a: 

O  UJ 

z 

►H 

UJ 

_l  00 

P- 

u. 

O  UJ 

o 

«. 

U) 

X  X 

X 

z 

►- 

>- 

Ul 

< 

CD 

p- 

X 

at 

Z  UJ 

*H 

o 

p- 

•-*  X 

p- 

x:  o 

z 

00  • 

oO 

<■  o 

£ 

«c 

00  o 

X  at 

3 

UJ  _) 

UJ 

o 

C5 

O  UJ 

>■ 

at  > 

O  Pi 

<J> 

O  o 

u 

X  >- 

o 

u. 

00 

p- 

X 

-J 

o 

t- 

X 

00  Z 

z 

a: 

o  o 

z 

to  <1 

UJ 

UJ 

h-  P-< 

X 

UJ 

X 

a 

X 

u> 

O  UJ 

UJ 

o 

-1 

UJ 

o  z 

-J 

X 

O  Ul 

p~ 

at  A-» 

Ul 

X  X 

ft.  X 

z 

P-  3 

UJ  • 

at 

-J 

fr* 

Z  CO 

X  z 

J-  UJ 

O  CO 

h-  a 

o  ►- 

u 

00 

O  <C 

o 

-J  UJ 

o  • 

z  z 

<-i  a 

H- 

X  o 

UJ  * 

CL 

0. 

p-  p- 

Ul  p- 

X 

O 

o 

0.  !-» 

H- 

a  b- 

<  b- 

O  -J 

3  X 

o 

u_ 

p^ 

X  u 

UJ  Z 

X  o 

o 

UJ  CD 

K  < 

o 

CO  UJ 

o  < 

o  m 

Z  oO 

bU  00 

z 

<  K 

u  Q 

<  *-• 

-J  3 

o 

a:  « 

UJ 

X 

00 

►u 

CD  UJ 

>■  UJ 

at  o 

«  UJ 

b- 

a. 

-J  x 

o  z 

H*  CD 

u 

X  UJ 

X 

Lu  M 

00 

3 

o  at 

X  00 

at  at 

UJ  -J 

o 

«  oo 

UJ  3 

-J 

o 

X  X 

Ul 

ft.  P- 

1  H 

ac 

H- 

►  CJ 

u 

a 

ft. 

1  H 

o 

X  « 

z 

a 

Z  X 

UJ  U. 

O  X 

1 

X 

O  X 

H-  3 

M-»  U 

UJ  P- 

b+ 

00  Z 

p-  F-* 

UJ 

-J  00 

P-  o 

►  < 

3  X 

-J 

CD  O 

3  Z 

00  X 

-J  a 

K 

O  U 

-J  ■* 

o 

M 

X 

O 

00 

ft. 

CO 

ui 

-J 

UJ 


a  3 

o 

X  UJ 
3  X 

o 
a.  oo 

UJ 

UJ  z 
5C  O 


O  V 
Z  3 
Z  O 

<  o 
o  at 

CL 

00 


IH  * 

o  oo 

<  ►-  • 

u.  z  oo 

UJ  UJ 
CD  x  b* 
x  uj  ac 
*  ac  < 


X 

u 

< 

X 


z 

o 


P-  *H  >1  z  o 


X  O  3 
O  UJ  o 
<  n:  m 

x 

Z  P“ 

Z  O  00 

O  M  o 

HH  CO  OJ 

00  u 
•-«  a  u 
U  J 


a:  <  - 

CL  UP  i 


Z  X  « 
H  O  UJ 


-J  X  < 
CD  UJ  b- 
O  Q  00 


o 

ft. 


*«*♦>.  'f*  1 


SOLUTION  -  INTEGRATE  60TM  THE  WELL  PROVEN  EROA  DEVELOPED  SINGLE  POINT  DIAMOND 
MACHINING  CAPABILITIES  AND  THE  DEVELOPING  INTERFEROMETRIC  AIDED  AND  COMPUTER 
CONTROLLED  TECHNOLOGY  INTO  A  MANUFACTURING  METHOD. 


PROBLEM  -  MANUFACTURING  PROCESSES  FOR  QUANTITY  PRODUCTION  Of  ACTIVE  AIR 


u. 

c 

<J0 

UJ 

UJ  o 

o 

UJ 

co  a 

UJ  «* 

o 

3 

Z  LA. 

H 

UJ  2 

<  O  X 

co  a 

X  o  o 

JUJU 

^  2  J 

<  2 

ut¬ 

o  <t  «x 

—*  CO 

il  2 

<  2 

1/1  O  h 

^  Ht 

dJ  J  O 

O  <  >-* 

<  o 

■«  *-» 

3 

U  U  UJ 

UJ  O  CO 

A 

2  0  0 

O  -J 

X 

X 

O  <  X 

u  uj  u 

h  oc  a 

< 

OC  Q.  H 

o  < 

t-  u> 

o 

t-  O 

O  X  H 

zoo 

«■* 

o  h- 

UJ  «x  _J 

O  UJ 

W2  I 

oc  x  uj 

_J  «* 

►H 

_j  Uj  t- 

-*  o  as 

X  UJ 

CO 

y  oc  m 

oc 

X  X 

-J 

□S  3 

U-  2  <■ 

13  O  O 

> 

UJ  3 

z  o 

03  o 

o  O  CO 

*-•  u  o 

O  h- 

o 

2  UJ 

-•  2 

X  CD  Z 

2 

<  .  X 

U.  _J  ~4 

3  UJ 

<-i 

CvO  3 

O  »-<  > 

h  2  £ 

CO 

HZ  W 

CO  UJ 

Q  M  y 

C3 

33  UJ  O 

2  •- 

2  -J 

O  ►—  _J 

O  <1  X 

H  OU 

</> 

CO  O 

-<  o 

UJ 

o 

UJ  >-  2 

•-  o  < 

2  2  2 

>-< 

X  cO  UJ 

*5  h- 

<  •“<  < 

2 

33 

O  2 

O 

O 

j  y  o 

cl  oc 
ID  O  O 
<  H  u  » 
il  u  a  (o 
UUK 
X  I—  I—  o 
OUJZH 

U.  a  3  o 

O  Ut 

>  c*  o  t- 


30WU. 

►“  CL  O 

a c  >-  < 

O  <  >• 

a.  a:  co  ^ 
Q.  cr  X  £E 
O  <  UJ  K 

-I  «c 

h*  2  CC 
y/)  <  O  Q 
UJ  K  2 
h  u  Q.  < 
<  »- 

uj  <  or  a 
xcuu 


JX  >K 

m  oc  u  Ui 
O  <  Q  CD 


Z  >- 
<  O  • 

a  uj  > 
o  u  z  < 
joza 

UJ  o  O' 

»  ►-  o 

UJ  2 

QU  JO 

r  <  2 

i  u  u  M 

JH  tf) 

2  UJ  Z  00 
O  *«  UJ 

-«  x  x  o 
1-000 

3  <  UJ  X 
J  UJ  Z  X 


UJ  _J  00 

x  o  <  o 

X02 
•  Ohm 
K  IL  h  (/) 
X  y  3 
0  0*0 
HZXI 
UJ  <  UJ 
-»  X  z 
UJ  1-4 
UflCO 

t«zw 

O  U.  <  Q 

•-4  cl 

j  ui  w  «t 
oc  y~  O 
"3ZIO 
UJ  flC 
j]  3  z  u 
O  U.  O  X 
o  a.  u> 
x  to 

3  O  O  X 
O  U.  O 

-J  z 

QUO 

I  uj  ♦— 

CL  UJ  00 
SHKO 
UJ  o  o  oc 
j  a  (/j  < 
ID  UJ  h  O 

o  oc  o  m 


<  (/)  19 

i  u  l»j  o 

00  00  J 

Z  00  O 
O  UJ  UJ  x 
h  O  U  X 
t—  a.  o  o 

O  <  01  UJ 
J  JQ.I- 


oc  CO  z 

*-«  UJ  O  UJ 

O  x  O  *- 


O  ►“  *-4 
UJ  H  J  u 

CO  X  3  < 

-J  O  o  h- 

3  U  <-  D  • 


OC  O  JXO 
*-  UJ  o  M 

X  ►-  X  U.  _J 

*-4  Z  UJ  <, 

_»  uj  oc  < 

-J  X  *-  Z  J 

*->  2  X  2  < 

X  (9L  uu 


H-  OC  Ql  UJ  X 

UJ  UJ  O  CO 

X  Cl.  W  O  O 

OZ3UJ 
O  QC  UJ  X  0C 

O  X  w  O  H 

OC  Z  3 

x  i  u  o  a 

J  C  UJ 

I  X  H-  a: 

UJ  CO  2 

uj  y  i/i  ix  y 

-I  IHOJ 

♦-  O  X  x  »- 


FUNDING  ($000) 


COMPONENT  —  SENSOR 

( 1079)  TITLE  -  WIDE  AREA  MERCURY-CADMIUM-TELERIOE  QUAORENT  DETECTORS 


PROBLEM  -  INERT  I AL  SENSOR  FABRICATION  REQUIRES  PRECISION  n  ACni N I Nb  ANU 
ASSEMBLY  METHODS  WITH  SEVERAL  ITERATIONS?  ALL  OF  WHICH  INCREASE  COST. 

SOLUTION  -  ESTABLISH  AUTOMATIC  FLUID  FILL  STATION  AND  SET  UP  PILOT  STATION  FOR 
AUTOMATIC  BALANCING  OF  GYRO  ROTORS  BY  LASER  REMOVAL  OF  MATERIAL 


a  hu 

z  <» 

3 


X 

CL 

<  H- 

X  I 

>-  u 

OL 

XI  O 


I  O 

3 


>  X 
J  X  < 
:  *  »- 
)  o  UJ 

1  o  •-< 

»  <t  CL 

:  x  o. 


to  b- 

CO 


X  CL 
CD 


O 

X 


O  l 

oc 

a. 


a 

UJ  W  2 
I  tf)  < 
►—  UJ 

u  oo 

(£OH 
O  K  J 

x  a.  3 

M 


0.  •  I 

UJ  h*  I 

x  Q  . 

N  < 

<  o 

»  c 

to  oc  ; 

<  3  « 

a 


O  H-  < 
UJ  «  < 

w  x  < 


o  o  : 

o.  z  •-« 

I  w  UJ 
O  U  CD 
U  3 

a  oo 

K  O  UI 

o  a  k 
x  a.  3 


:  oc  uj 
:  3  x 
o  o 

l  UJ  CO 

•  o 
>  O  X 
:  ac  ►- 
i  Cl 


o  ; 

0C  O  ' 
UJ  UJ 

00  o  ( 
Hu  z  l 
X  O  c 


-I  < 

00  3 


h-  a 

U  UJ 


o  • 

hu  x 

K  > 

<  M 

U  CO 


i  uj  a 

i  co  co 


o  UJ 
M  0C  , 
H-  CL  . 

3  3  * 
-<  o  : 
o 

CO 


X 

o 

X 

x 

o 


> 

z 

X 

• 

X 

UJ 

HU 

■< 

u 

X 

CO 

3 

o 

CO 

J- 

z 

o 

X 

CL 

z 

CO 

< 

< 

< 

X 

H- 

<. 

UJ 

X 

CD 

X  X 

CD 

X 

-J 

X 

o 

z 

CD  X 

HU 

CO 

X 

X 

< 

HU 

X 

X 

at 

UJ 

X 

3 

a 

>- 

o 

z 

HU 

H 

o 

O  • 

ut 

z 

b- 

x 

UJ 

UJ 

X 

X 

X  co  • 

CJ 

< 

HU 

CD 

OL 

a 

o 

co  x 

Hu 

X 

CO 

O 

<X 

X 

HU 

o 

CO  X  O 

X 

CO 

«t 

UJ 

CL 

CO 

G 

X 

X  O  HU 

HU 

z 

3 

40 

b- 

CL 

z 

ft- 

hU 

co  o  x 

co 

o 

O 

CO 

UJ 

o 

CO 

3X1- 

HU 

UJ 

Z 

CO 

H4 

Ui 

z 

H> 

X  HU 

o 

H- 

X 

u 

UC 

ft- 

< 

*  z 

X 

X 

«x 

o 

< 

•J 

< 

ft- 

z 

L>  to 

to 

O 

X 

CL 

o 

HU 

o 

X 

X  3  Z 

3 

HU 

3 

a. 

z 

UJ 

HU 

H- 

X 

o 

X  o  o 

X 

X 

HU 

X 

-J 

z 

HU 

< 

X  3  O 

X 

CJ 

o 

X 

X 

X 

X 

<ZH 

>- 

X 

3 

z 

UJ 

OC 

X 

3 

HU 

X 

hu  J 

b- 

« 

X 

HU 

X 

o 

ut 

a 

co 

<  H-  HU 

HU 

H- 

OL 

o 

x 

40 

z  co 

X 

CO 

CO 

3 

a 

X 

UJ 

X 

X 

a  o 

3 

CJ 

►- 

< 

CO 

UJ 

b- 

o 

K 

X  O  Cj 

X 

HU 

X 

CJ 

ac 

3 

co 

< 

ut 

X  X 

J- 

G 

< 

o 

•*. 

z 

ft- 

o  <  u 

X 

X 

x 

UJ 

a 

-J 

UJ  • 

o 

X  3 

CD 

o 

CO 

3 

X 

z 

a  >■ 

HU 

a 

X  z  o 

HU 

X 

z 

J- 

HU 

>-  • 

o  ►- 

ft- 

z 

>  HU  O 

CO 

X 

X 

X 

< 

3 

CD  >- 

x 

o 

< 

X  X 

X 

X 

CD 

X 

UJ 

x  ft- 

X 

3 

QGQ. 

X 

OL 

CD 

HU 

CL 

a 

UJ  HU 

o  x 

CJ 

z  • 

CD 

o 

HU 

X 

_j 

HU 

z 

Z  -J 

z  o 

o 

o  co 

>-  O  >- 

HU 

X 

X 

< 

x 

< 

UJ  *-• 

HU  X 

X 

o  >- 

X  to  x 

X 

o 

u 

CD 

U  HU 

X 

HU  < 

CNJ  •— 

X 

X 

u 

HU 

o 

CO 

X  hu 

3  Z 

X  a 

Z  HU  X 

u 

o 

CO 

X 

z 

oc 

CD  U 

O  3 

X 

HU 

X  <  X 

CJ 

X 

X 

3 

o 

< 

o 

hu  3 

o 

X 

CO  X 

u  o  ac 

HU 

3 

X 

z 

CL 

X  Q 

X  X 

ft- 

x  o  ac 

X 

o 

o 

o 

a: 

CL 

O 

X  Ui 

CO 

>“  X 

X  ^  3 

HU 

CO 

UJ 

X 

cj  • 

La 

HU 

X  X 

ft- 

X 

CL 

b-  X 

HU  CJ 

to 

CO 

CJ 

UJ  (0 

Q 

X 

O  X 

X  <■ 

< 

o 

HU  > 

• 

X 

3 

3 

X 

3 

X  UJ 

o  x 

HU 

X 

X  X 

CO  b-  o 

o 

X 

o 

o  < 

o 

CL 

X 

X  X 

X 

3  CO 

CO  <  *- 

X 

HU 

(0 

o 

Z  hu 

a. 

o 

CO 

CD 

X 

CO 

X 

X 

co 

CJ 

UJ 

X 

HU  0C 

x 

3  X 

40 

*- 

CO 

X 

CJ  CO  X 

3 

X 

X 

X 

ft-  X 

z 

o  o 

a  a 

< 

X 

X  o 

o  x  « 

X 

X 

3 

40  ft- 

o 

co 

o  o 

o  z 

X 

o 

CD  X 

X  >-  3 

X 

O 

o 

HU  <4 

u 

UJ 

Z  X 

X  «* 

o 

HU 

a  <  a 

X 

X 

UJ 

♦- 

M  X 

HU 

CO 

HU 

ft- 

X 

X 

X  x 

X  X 

o 

o 

CJ 

UJ 

X 

c0 

3  Uj 

X  ft— 

X 

X 

a  x 

CO 

X 

o 

o 

X 

♦- 

HU 

UJ 

> 

X  CO 

o 

X  X 

X  X  CO 

X 

X 

z 

o  z 

CO 

o 

O  uc 

o 

a 

►- 

ft-  X 

CO  O  HU 

b- 

CO 

o 

X 

z  UJ 

o 

Z  X 

X  u 

z 

HU  Q. 

o 

HU 

X 

z 

X 

x 

ft- 

0L 

< 

CO 

CL 

X 

3  40 

x  a  a 

CO 

CO 

X 

co  oc 

CO 

X 

o 

HU  oc 

HU 

X 

O 

O  Z  X 

O 

CO 

CO 

3 

* 

HU  3 

■X 

(O  Z 

X  X 

X 

40  X 

X  «  u 

X 

X 

HU 

1 

o 

u 

u 

o 

X  < 

CD  3 

a 

3 

ft-  X 

X  3 

Z 

CJ 

UJ 

HU 

UJ 

X 

UJ 

o 

<  O 

X 

u 

X  * 

z  o 

o 

o 

X 

X 

H 

CL  X 

HU 

> 

X  UJ 

K  X 

> 

•t 

X  O  O 

« 

ft  < 

1  ft 

U 

X 

X 

ut 

u 

UJ  o 

-J  • 

o 

X  ft- 

CO 

o 

X 

X 

Z  U  X 

* 

( 

X 

w 

o 

3 

X  OC 

co  uj 

ac 

HU  «C 

X  H- 

OL 

X 

40  X 

J-  hu  X 

* 

CO 

X 

CO 

CJ 

J—  u. 

CL 

X 

X  u 

« 

X 

u- 

X 

X 

« 

X 

CD 

b- 

o 

1  UJ 

X 

HU 

1 

X 

•  X 

1  HU  X 

« 

K 

X 

1 

X 

1  CO 

X 

HU 

»  X 

co 

HU 

1 

CO 

CO  «* 

« 

« 

X 

1 

X 

UJ 

Z  X 

Z  3 

CO  z 

Z  1  HU 

* 

>• 

X 

z 

X  X 

O  co 

1 

X  ** 

o  o 

1 

X 

X  X 

O  O  X 

« 

X 

1 

X 

o 

UJ  o 

HU  O 

UJ  Ui 

hu  a 

X 

U  CD 

Hu  x  X 

« 

X 

X 

X 

X 

HU 

o 

-j  a 

H-  X 

UJ 

X 

H-  Z 

X 

X 

o  >- 

H*  X  b- 

* 

X 

HU 

X 

X 

ft- 

X 

CO  « 

3  ft- 

X 

GO  o 

3  HU 

X 

CD 

X  x 

3  X  < 

* 

o 

3 

< 

X 

CO 

3 

HU 

-J  < 

ft- 

O  ft- 

X  3 

ft- 

o 

X  O 

x  X  * 

« 

b- 

O 

X 

X 

ac 

O 

HU 

X 

O 

HU 

X 

O 

CD 

u 

1 

►u 

X 

o 

X 

CO 

H- 

X 

co 

ft- 

X 

CO 

* 

3 

1 

X 

X 

CO 

* 

X 

X 

HU 

« 

Hs 

sO 

eg 

* 

b- 

co 

K 

o 

CVJ 

K) 

* 

Z 

♦ 

♦ 

ft 

< 

X 

X 

e 

ftO 

JO 

ft 

X 

z 

hu 

H» 

UH 

ft 

u 

o 

ft 

to 

X 

ft 

co 

K 

ft 

HU 

o 

ft 

Z 

u 

COMPONENT  —  A1RFRAMES-COMPOSITES  lONTINUECJ 


4 

CO 


*n 

♦ 


O' 

4 


z  © 

4  <\J 


CO 

P-H 

P4 

» 

P-H 

M- 

CO 

z 

© 

• 

• 

4 

3 

o 

X 

x 

CO 

CO 

Z 

4 

PH 

o 

3 

C0 

X 

o 

u> 

PH 

4~ 

z 

© 

P-H 

o 

a: 

z 

Ui 

ac 

4 

PH 

• 

z 

4 

u 

o 

ac 

UJ 

O 

o 

CO 

X 

u_ 

o 

a. 

4— 

(-4 

3 

o 

X 

X 

X 

* 

X 

UJ 

4 

X 

4 

u. 

a 

X 

X 

X 

a 

c 

© 

ac 

a. 

X 

P-H 

ui 

X 

a: 

4 

4 

X 

H 

a. 

co 

CO 

ac 

X 

o 

X 

ac 

X 

© 

o 

X 

l9 

4— 

z 

4 

X 

3 

3 

o 

M 

P-H 

a. 

z 

Z 

CO 

UI 

oc 

ac 

o 

© 

ac 

X 

Uj 

PH 

ac 

o 

O 

a 

o 

3 

Z 

X 

X 

CO 

CO 

X 

4 

3 

o 

X 

o 

4 

X 

UJ 

UJ 

3 

UJ 

X 

ac 

X 

40 

1 

4 

X 

z 

co 

•4 

CO 

UJ 

ac 

UJ 

CO 

X 

X 

X 

ac 

4 

3 

u 

o 

ac 

ac 

UJ 

4- 

z 

4 

X 

4 

3 

o 

4 

z 

X 

u« 

3 

ac 

4 

H- 

> 

OC 

X 

X 

© 

CO 

X 

3 

O 

o 

UJ 

o 

3 

z 

© 

UJ 

© 

z 

Z 

C5 

-J 

X 

X 

X 

CO 

X 

3 

3 

00 

z 

o 

UJ 

UI 

CO 

o 

4 

X 

ac 

ar 

© 

P-H 

CD 

o 

ac 

X 

X 

O 

ac 

X 

</) 

z 

tiC 

cc 

J 

o 

u. 

X 

X 

wO 

P-H 

3 

CO 

to 

CO 

1-4 

pH 

4 

o 

o 

ac 

o 

X 

o 

X 

X 

U 

X 

PH 

OC 

4 

u 

X 

z 

u 

z 

CO 

3 

X 

X 

ph 

U. 

V 

1 

4 

z 

X 

4 

4 

o 

o 

X 

3 

4 

z 

ac 

co 

o 

o 

X 

X 

p— 

X 

vO 

z 

U. 

UJ 

o 

UJ 

Z 

UI 

P4 

44 

ac 

ac 

CO 

© 

o 

-J 

CD 

X 

ac 

ac 

4- 

> 

O 

u 

Ui 

Ui 

PH 

z 

UJ 

pH 

ac 

Z 

< 

3 

4 

o 

X 

z 

X 

X 

X 

X 

X 

3 

CO 

4 

u 

>- 

Q 

NJ 

ac 

ac 

pH 

> 

3 

a 

u 

H 

CO 

O 

u 

UI 

►H 

X 

X 

3 

a 

X 

3 

3 

to 

Ui 

o 

-J 

CO 

X 

X 

X 

PH 

o 

P-H 

2 

</>  UJ 

X 

u 

UJ 

4- 

o 

MH 

-J 

a 

3 

© 

z 

X 

3 

O 

x  * 

X 

> 

MH 

ac 

4— 

3 

3 

Z 

© 

X 

X 

© 

ac 

X  X 

Q 

4 

4 

X 

X 

3 

P4 

X 

o 

Z 

X 

o 

CO 

a. 

X 

Z 

V) 

O 

UJ 

U 

3 

P-H 

X 

4 

X 

X 

X 

a: 

a 

4  • 

a 

PH 

3 

< 

o 

• 

X 

to 

X 

X  • 

ac 

o 

P-H 

z  o 

Uj 

PH 

ac 

UJ 

ac 

z 

CO 

</J 

Ui 

© 

X 

X 

3 

X 

X 

4  4 

CO  X 

X 

CD 

z 

o 

P4 

ac 

O 

¥- 

QC 

3 

© 

©  © 

X 

UJ 

Z  x 

UJ 

4 

H 

4- 

UJ 

z 

4 

X 

© 

z 

z  o 

u 

X 

oc 

CO  -J 

P4  X 

(O 

U. 

u 

u 

4 

CD 

pH 

X 

Z 

X 

X  X 

3 

© 

o 

z 

U. 

o 

> 

U 

**H 

o 

X 

X 

HR 

3 

X  o 

a: 

4 

u. 

m  a 

o 

z 

o 

UJ 

►H 

pH 

X 

4 

X 

X 

X  z 

X 

O 

u.  z 

•  4 

X 

X 

CO 

ac 

X 

o 

X 

CO 

X 

4  x 

to 

ac 

4/) 

•  o 

CO  UJ 

z 

X 

z 

CO 

z 

CO 

X 

o 

ec  o 

CO 

X 

UJ 

CO  J 

UJ  3 

o 

co 

UJ 

4 

o 

X 

X 

X 

z 

3  X 

3 

X 

3 

UJ 

Z 

CD 

CO 

u. 

X 

u 

CD 

ac 

X 

4 

X 

X 

to 

4  • 

at 

Z  Q 

4  U> 

ac 

UJ 

o 

4 

X 

X 

4 

X 

X 

o 

© 

X 

X 

4  z 

>  Z 

< 

u 

UI 

3 

4 

CO 

ec 

X 

o 

X  © 

X 

3  Ui 

Z 

>  < 

o 

u 

o 

UI 

4 

U 

44 

3 

(0 

>  z 

X 

4  O 

X 

3  -J 

x 

ac 

</) 

UJ 

X 

X 

z 

4 

© 

O  X 

pH 

Z  © 

o 

-J  CO 

o 

z 

a. 

3 

CO 

«-H 

o 

X 

3 

X 

ac  co>. 

CO 

o 

UJ 

O  UJ 

OC  Q 

o 

4 

3 

4- 

o 

a 

X 

© 

U) 

3 

X  CO 

© 

x  X 

p- 

X  I— 

4-  Z 

CD 

© 

O 

X 

PO 

z 

4 

X 

X 

a 

X  X 

X 

X  © 

X  X 

Z  4 

ac 

z 

UJ 

CO 

o 

1 

4 

H- 

CO 

> 

X 

X  O 

X 

Z  X 

o 

Z  3 

O 

4 

X 

iD 

X 

X 

o 

Z 

© 

o 

x  x 

u. 

O  4 

U  CO 

O 

> 

ac 

X 

• 

X 

CO 

ac 

X 

x  ac 

© 

:» 

x 

©  Z 

x 

4 

UJ 

o 

o 

o 

CO 

3 

4 

X 

o 

O  X 

z  z 

UJ 

J  w 

X 

U 

> 

u 

-J 

z 

X 

04 

X 

X 

X 

3 

o 

O  X 

X 

-j  a. 

4  X 

V) 

31 

X 

UJ 

UJ 

4 

ac 

z 

X 

X 

X  o 

X 

© 

CO 

4 

»-  3 

o 

CO 

QC 

> 

O  • 

4 

4 

• 

>  z 

© 

X 

o 

X  X 

UJ  4 

© 

UJ 

z 

X 

UJ 

z 

X  CO 

X 

cO 

©  wO 

X  4 

z 

X  3 

u 

UJ  X 

X  z 

X 

UJ 

o 

P-H 

X  u 

X 

4 

a 

X  o 

o 

4 

X  3 

1 

x  © 

UJ 

x 

x 

» 

CO 

ac  c 

a 

© 

3 

r  .j 

X 

> 

X  co 

o 

PH 

1  & 

o 

z 

z 

1 

UJ 

X  P4 

PH 

X 

w 

1  z 

o 

X 

3 

1  UJ 

3 

l 

PH 

o  • 

ac 

X 

X 

1 

X  x 

X 

4 

i  ac 

3 

z  x 

M-I  Ui 

z 

CO 

X 

Z  X 

Z  X 

1 

X  • 

o  X 

1 

X 

ac 

4-  UJ 

o 

X 

UI  X 

1 

r 

© 

X  CO 

O  X 

1 

X  CO 

UJ  x 

M-.  O 

UJ 

o 

•4  -J 

P-H 

o 

3  3 

u 

X 

a  x 

X  X 

X  X 

x 

-J  VO 

X  M 

UJ 

3 

ID 

a  u 

4“ 

X 

cj  a 

X 

3 

4 

ac  4 

X  3 

X 

3  oc 

-J 

CD  O 

3  Ui 

3 

CD 

4 

a  >- 

3 

►  >■ 

3 

CD 

X 

3  X 

3  a 

3 

00  4 

X 

o  © 

-J  3 

X 

O 

-J 

4  O 

3 

X 

o  u 

X 

O 

X 

©  X 

3  x 

X 

O  X 

a 

o 

H 

ac 

O 

ac 

o 

X 

AC 

X 

a. 

CO 

X 

a. 

CO 

P-' 

X 

© 

X 

X 

A 

A 

40 

o 

CM 

m 

CM 

0D 

ac 

PO 

O 

o 

o 

K> 

X 

Mi 

PH 

PO 

HV 

•p 

«■» 

o  uj  ; 
©  _j  • 
uj  cd  ; 

x 

o  uJ 
2  co  ; 
«  to  . 


o 

<r  o 

cl.  uj  ; 

0C  ' 
O  3 
3  U  4 
3  Z  * 
O  3 
X  < 
(/)  Q.  I 
3 


QC  UJ 
X  X 
tO  4 


CO  X  I 
O  CO  4 

a.  o  : 
x  a.  c 
o  c  i 
a  o  4 


uj  uj  I 
©  x  • 


ac  u 
3  u 
o  o 

] 

I  z  © 

>  UJ  z 

>  X  x 
x  ac 

3 
CO  o 

P-H 

o 

l  UJ  z 
I  OC  < 

•  3 


O  UJ 

4  > 
H 
I  X 
4 
Z  Z 
o  or 

X  UJ 
X  X 
3  3 
3  * 
O 
CO 


o 

X 


UJ  O 
UJ 
UJ  > 


tn 

« 

K> 


PROBLEM  -  COMMERCIAL  GRADE  KEVLAR  #9  DIFFERS  FROM  AEROSPACE  GRADE  IN  THAT  THE 
COMMERCIAL  ROVING  IS  LARGER  IN  DIAMETER  AND  DOES  NOT  ACCEPT  THE  EXISTING 
RESIN  SYSTEM. 


COMPONENT  —  AIRFRANES-CONPOSITES  (CONTINUED) 


UJ  H- 

o 

CO 

< 

Z  UJ 

UJ  ae 

CO 

Z  O  UJ 

< 

z 

X 

3  a. 

u 

H* 

Z  Z 

z 

LaJ 

z 

3 

< 

u 

I  o 

X  UJ 

• 

< 

J-  x 

PH  UJ 

z 

o 

-J  o 

CO  o 

< 

H- 

Z  UJ 

o 

CO 

-J 

3 

o  < 

J-  o 

z 

-J 

CO 

CO 

u.  > 

t- 

o  o 

u 

UJ  UJ 

CD 

PH 

►h 

HA  > 

u 

H-  U 

a. 

Z 

UJ 

o 

a. 

HU  J 

u 

-J  ►H 

3 

Af 

*- 

Z  *0  > 

Z 

O  H- 

X 

Cj 

PH 

tr 

<  *H 

•S. 

X 

H-  U 

X  U- 

PH 

-J  «c 

PH 

-J  H“ 

3 

Z  X  o 

PH 

z  < 

o 

**  A 

O 

UJ  CO 

— J 

X 

ac 

CD  Z 

►- 

UJ 

UJ  CD  UJ 

H- 

UJ  u 

CD 

UJ 

Ht 

CO  Z 

Z 

«  z 

HA 

« 

a. 

o  z 

*- 

O  Z 

« 

H-  hh 

3  < 

< 

> 

Z  HA  O 

co 

X  3 

UJ 

z 

3 

x  uj  a 

3 

3 

-J 

X 

Z  UJ 

X 

UJ  UJ 

H- 

o 

Z  3 

O  1 

u 

HA 

HA  ^  HH 

« 

o 

X 

a 

u 

K  X 

H*  0 

0  • 

o 

«  a. 

o 

>  X 

UJ 

UJ 

UJ  3 

X 

PH 

>“ 

u  a 

_J 

Q  Z 

PH 

►- 

Z  PH 

U 

X  *"i 

<  z 

o 

a  x 

PH 

UJ  o  • 

X 

> 

Of  w 

H-  UJ 

-J 

u 

J  UJ  ^ 

-J  O 

P» 

CO 

(/> 

• 

TO 

z 

z 

CD  U. 

>-  o 

M  UJ 

UJ 

M  a  Z 

1 

o 

z  ac 

3  X 

a. 

CO 

3 

J  U  J 

o  o 

hh 

UJ 

CO 

u.  • 

u. 

HH  Z 

UJ  UH 

• 

3 

3 

x  a.  o 

CO 

ac 

3 

X  H- 

X 

H- 

a 

UJ  CO  -J  o 

X 

-J 

M 

CD 

z 

« 

z 

3 

UJ  O 

UJ  H- 

> 

o  a 

u  ha 

UJ 

a. 

O  CO 

1 

A» 

z 

z 

X  3  « 

UJ 

► 

< 

UJ 

< 

o 

e  o 

Z 

3  U 

< 

a 

z 

1 

*  X  H- 

X 

X 

UJ 

1  u. 

u 

o 

/)  o 

NJ 

t  -J 

Ul 

X 

PH 

i 

HO  AH 

< 

1  z 

1  X 

j-  x 

< 

HA 

1  X 

O  UJ 

z 

o 

1  PH 

PH 

X 

z 

1 

PH 

H- 

♦- 

X 

1  ► 

3 

Z  Ul  0  H- 

z 

< 

Z  1 

-J 

o 

UJ  z 

-J 

Z  Z 

« 

z 

HI  H( 

H> 

Z  0 

i 

X  UJ 

O 

m  z  z 

u. 

1 

X  ac 

O  UJ 

PH 

a. 

1 

o  o 

1 

X 

o 

Z 

o 

z 

1 

X  HA 

O  PH 

UJ  a 

M 

UJ  u 

K 

UJ  u 

H«  H* 

co 

X 

UJ  o 

< 

HA  U. 

UJ 

UJ 

z 

PH 

X  z 

UJ  CO 

PH  U. 

UJ 

3  « 

H* 

z  a:  *- 

*-a 

UJ 

-J  z 

b-  < 

CO 

o 

UJ 

jaw 

H*  PH 

UJ 

-J 

o 

u 

H- 

H»  UJ 

UJ 

-J  z 

*-  z 

-j 

(S  X 

3 

<  « 

< 

-J 

CD  ha 

3  J- 

ph 

u 

mJ 

IDO  JW 

3  Z 

-J 

a) 

PH 

QD 

3  ha  A 

®  uj 

3  O 

o  co 

-J 

CJ  CO  o 

H- 

o  < 

-J  CO  X 

O  Z  UJ 

c 

-J  3 

0 

> 

4>< 

o  o 

-J  <-> 

■;** ' 


132821  TITLE  -  CONFORM  EXTRUSION  PROCESS  375  375 


© 

a 

to 

ac 

© 

o 

© 

PH 

a 

a 

a 

a 

a 

O 

4 

ac 

© 

a 

a 

z 

a 

X 

O 

© 

4 

o 

ffi 

o 

• 

© 

© 

o 

a 

a 

a 

Z 

© 

z 

a 

a 

a 

a 

ac 

a 

■< 

a 

z 

a 

PH 

a 

X 

z 

01 

o 

UJ 

Z 

o 

o 

ac 

cx 

3 

a: 

o 

a 

PH 

Ui 

© 

o 

PH 

— 1 

© 

a 

< 

a 

CL 

a 

o 

X 

o 

3 

PH 

h> 

-J 

© 

o 

a 

a 

X 

ac 

a 

4 

z 

<1 

4 

Q 

K- 

4 

to 

a 

OC 

2 

a 

a 

x 

a 

a 

© 

X 

O 

•X 

ac 

< 

a 

4 

a 

a 

X 

© 

a 

Z 

4 

ac 

ac 

i— 

-J 

a 

> 

X 

o 

a 

o 

a 

a 

a 

a— 

UJ 

UJ 

ac 

4 

© 

a. 

a 

a 

O 

© 

UJ 

z 

uJ 

o 

© 

Hi 

o 

X 

o 

© 

a 

• 

UJ 

2 

UJ 

h~ 

a 

a 

z 

X 

o 

a. 

a 

z 

oc 

z 

(X) 

UJ 

CL 

CO 

< 

a 

PH 

a 

OC 

4 

o 

a 

a 

X 

a 

© 

a 

a 

a 

o 

o 

a 

a 

z 

a 

X 

Uj 

a 

a 

z  » 

© 

o 

z 

ac 

a 

K 

< 

Q 

-i 

F- 

a 

a 

a  CO 

© 

a 

o 

a 

4 

© 

-j 

a 

© 

o 

to 

3 

to 

to  to 

o 

a 

a 

a 

© 

4 

a 

Uj 

3 

Z 

-j 

a 

o 

2  a 

o 

2 

a. 

© 

© 

OC 

a 

3 

UJ 

a 

© 

a 

a 

a  © 

ac 

© 

© 

ac 

a 

a 

o 

UJ 

© 

ac 

> 

Z 

X 

X 

CL  o 

a. 

O 

a 

© 

oc 

a 

X 

— J 

Z 

F- 

a 

< 

a 

a 

to  oc 

X 

o 

r 

o 

o 

V) 

a 

O 

A— 

1/1 

c. 

X 

a 

a  O. 

© 

4 

z 

© 

ac 

z 

z 

QC 

-J 

© 

a 

X 

a 

a 

«1 

z 

a.  • 

a 

4 

u. 

F— 

o 

X 

a 

© 

a 

•a 

a 

© 

© 

a 

Qt 

PH 

z 

ac 

© 

a 

a 

Z 

z 

oc  a 

4 

© 

< 

©  a 

a 

a 

o 

F— 

a 

a 

4 

o 

a  a 

X 

< 

a 

2  Z 

© 

UJ 

© 

Z 

X 

a 

< 

X 

a 

x  to 

o 

X 

© 

a  a 

2 

z 

o 

a 

X 

© 

a 

a  o 

a 

a 

4 

o 

ac  z 

X 

PH 

PH 

• 

u 

a 

PH 

CO 

U 

a  © 

© 

CL 

z 

©  o 

© 

X 

o 

o 

a 

oc 

© 

o 

4 

a 

4 

a  cl 

4 

o 

ac 

*- 

a 

a 

o 

o 

CL  O 

X 

ac 

©  X 

X 

IaJ 

UJ 

© 

o 

to 

X 

© 

o 

z 

Z 

a 

a 

a 

4*  o 

ac 

a 

4 

F- 

a 

a 

a 

ac 

«c  4 

4 

a 

a 

a  © 

OC 

ac 

u 

CO 

UJ 

a 

a 

© 

Cl 

u 

UI 

a 

© 

o 

3 

a 

oc 

z 

UJ 

© 

a 

a 

to  © 

CL 

to 

3 

to 

z  a 

a 

© 

o 

4 

X 

a 

o 

ac 

a 

a  z 

O 

z 

to 

• 

X  41 

z 

o 

a 

UJ 

to 

to 

oc 

z 

O  a 

a 

u 

a 

a 

a 

X  © 

z 

PH 

z 

X 

z 

o 

a 

a  x 

a 

CL 

X 

© 

X 

> 

a 

4 

< 

2 

z 

a 

< 

© 

X 

a.  © 

a 

CO 

a 

z 

a 

a  © 

a 

UJ 

o 

UJ 

AM 

a 

© 

X 

x  to 

a 

a 

a 

X 

© 

©  © 

a 

ac 

*✓> 

PH 

-J 

X 

© 

a 

• 

© 

a  z 

o 

o 

X 

O 

a 

Z 

©  oc 

< 

a 

a 

<n 

h- 

< 

X 

a 

z 

4 

o 

o  • 

a 

© 

a 

a 

o 

ac 

© 

< 

a 

a 

a 

o 

a 

a  © 

o 

a 

ac  ac 

a 

z 

CL 

a  © 

o 

V) 

4 

a 

a 

X 

to 

a 

< 

a 

a 

© 

a 

a 

a  a 

3 

a 

X 

© 

a 

a 

a. 

a 

a 

o 

©  to 

©  a 

< 

o  a 

a 

X 

ac 

a 

4  X 

CL 

co 

UJ 

UJ 

a: 

a 

a 

4 

a  x 

to 

3 

Cl  a 

a 

a 

CL  a 

o 

• 

Ui 

o 

© 

a 

a 

to 

a 

ac 

ac 

O  a 

a 

a  a 

< 

© 

a 

©  © 

a 

u 

© 

a 

© 

a 

4 

a 

a 

Z  a 

a 

X  o 

a 

O  Z 

o 

a 

PH 

o 

< 

a 

a 

a 

X 

a 

X 

X 

a 

4 

©  0. 

a 

X 

ac  a 

a: 

UJ 

(/) 

UJ 

a 

4 

X 

o 

z 

a 

©  4 

© 

X 

ac 

o 

a  ac 

a 

4 

© 

ac 

o 

F- 

a 

a 

a 

a 

a 

a 

a 

a 

a  a 

a 

a 

o 

4  a 

a> 

a. 

PH 

4 

z 

< 

© 

©  a. 

o 

X  • 

© 

X  X 

Z 

X 

z 

© 

o 

4 

X 

ac 

U 

OC 

• 

4 

CL 

a  a 

o 

o 

a  a 

a 

4 

o 

a 

a: 

a 

• 

U- 

© 

PH 

a 

Z 

a 

a 

OC 

o 

a 

a  X 

Nl 

a 

UJ 

J  © 

z 

PH 

ac 

X 

o 

a 

a 

© 

a  a 

(X 

X 

X  O 

X 

« 

© 

© 

a 

o  X 

UJ  © 

PH 

(X 

X 

a 

z 

a 

a 

z  < 

a 

©  a 

to 

© 

a 

a  a 

a 

PH 

C/J 

»-H  UJ 

UJ 

4 

©  F- 

Mf 

a 

a 

a  © 

to 

a 

a  * 

a 

a 

X 

CL  X 

a 

© 

PH 

>  o 

a 

ac 

a 

o 

4 

a 

< 

to  Z 

a 

X 

a  o 

a 

a 

a 

4 

a 

z 

z 

uj  O 

o 

UJ 

OC 

z 

X 

X 

a  < 

X 

CD 

a 

a 

o  a 

© 

o 

PH 

ac  a; 

Z 

to 

4 

a 

o 

o 

o 

Ct  X 

a 

a 

»  a 

4 

ac 

4  Q 

© 

a 

u 

a 

a 

UJ 

a 

F- 

a 

a 

© 

a 

0. 

z 

a  a 

a 

© 

o 

a 

z 

X 

1 

i 

© 

© 

Z 

1 

2 

a 

© 

o 

i 

a 

a 

to 

< 

1  > 

a 

o 

1 

PH 

X 

z 

© 

1 

UJ 

a 

4 

a 

4 

>  a 

X 

<  © 

a 

1 

a 

O 

Z 

© 

X 

z  a 

M 

z 

x 

CL 

ac 

© 

a 

z 

X 

ac  z 

a 

z  ac 

a 

X 

UJ 

o  © 

z 

t 

X 

o 

o 

a 

© 

t 

X  4 

o 

© 

a  a 

1 

X 

O  CL 

X 

i 

UJ 

V) 

PH  Up 

*H 

UJ 

a 

PH 

O 

a  o 

a  uc 

a 

4 

to  © 

a 

© 

a 

w 

a 

A-  X 

o 

UJ 

-J 

X. 

a 

a 

z 

o 

a 

a  a 

a 

a 

CL)  4 

a 

a 

2 

a  O 

« 

a 

flQ 

a 

©  © 

a 

© 

o 

© 

a 

a 

ac 

a 

m  Cl 

© 

a 

©  a 

a 

in 

O 

©  z 

X 

a 

O 

o 

-J  o 

a 

O 

o 

a 

3 

a 

a 

a 

o  o 

a 

4 

to  CL 

a 

© 

a 

a  ■* 

a 

<x 

© 

1 

PH 

ac 

Q 

a 

oc 

o 

a 

at 

o 

I 

a 

a. 

I/I 

1 

A- 

a 

to 

a 

a 

to 

a 

a 

© 

1 

a 

PR08LEM  -  PRESENT  MANUAL  METHOD  FOR  PRODUCTION  PROCESS  PLANNING  OF  MACHINED 
CYLINDRICAL  METAL  COMPONENTS  ARE  INADEQUATE  DUE  TO  HIGH  PROCESS  PLANNING 
COSTS  AND  A  LACK  OF  STANDARDIZATION. 


>- 

to  z 

*- 

CD 

CO 

►-  Ml 

ac 

o 

O  X 

M4  »— 

z 

o 

< 

z  ac 

J  O 

co 

X  CO 

X 

a 

UJ 

< 

o  »- 

h-  o 

X  ►“ 

O  K 

< 

CO  _J 

o  o 

-•  o 

CD  oc 

X  z 

X 

M 

<  > 

O  X 

X  o 

O  X 

03 

X  UJ 

X 

*  M 

CO  X 

M-  X 

Ui 

1 

X 

U-  H- 

•  to  H 

X 

z 

I 

X 

>■ 

uj  uj 

CD  X  Z 

X  X 

X  u 

UJ  h- 

X 

CD  UJ 

X  x 

Z  ►-  3 

o 

X  < 

o 

3 

X 

o  a 

u 

Ml  1— 1 

X  o 

to 

Ml  ►-  X 

z  u. 

u. 

X 

-J  < 

CD  O 

X  CO  h- 

X  ♦ 

►“ 

3  ►-  X 

<  o 

o 

o  x 

z  X 

<  O  l/) 

ac 

z 

cs  <  mi 

PC 

Z 

u 

a  CD 

NU 

to 

xxx 

X 

X 

X  M 

Ui  CO 

o 

CO  < 

X 

X  x  3 

X  ►— 

X 

X  X 

-J  *- 

• 

PC 

X  — J 

CO 

CO 

X  o  o 

z  z 

X 

x  a 

o  z 

CO  o 

o 

M  < 

Ui  z 

< 

X  U  X 

►-  X 

u 

to  I  « 

►“  Ui 

Ui  z 

u- 

UJ  ►* 

a  Mt 

o 

u 

« 

UJ  M  UJ 

X 

-J  *H 

o 

X  CJ 

o 

K  CD  X 

CD  X 

u> 

CO  o  X 

>-  UJ 

o  z 

X 

X 

X  Ui 

X 

O  z  Z 

Z  X 

►- 

X 

X  -J 

X  mi 

CD  Ui 

X  u 

o 

X  M*  J— 

M 

■X 

O  O  CD 

O  UJ 

X 

»- 

Z  X 

z 

K- 

X 

X  • 

z  z 

w 

o  o 

UJ 

mi  X 

u-  «« 

o 

O  3  Z 

CD  CO 

o 

oc  «c  o 

M  >- 

z  •« 

3C 

to  o 

Z  X 

X 

UJ  O  Ml 

X  M- 

z 

O  X 

<■ 

*-«  X 

o 

CO  u> 

ui  ac. 

x 

X  2 

< 

»- 

o  oc 

X 

o 

u 

z  o 

X 

M*  Q  ►— 

to  X 

o  to  X 

>-  ac 

ac  uj 

PC 

e  x 

o  u. 

X 

3  Z  CD 

to  X 

to 

X  CD  X 

O  CD 

X  o 

X  X 

o 

C3  <  O 

«  CD  • 

X 

Z  Ml 

Ui 

u.  OC 

o 

x  x 

x  ui 

u 

X 

X  to 

u 

J-  M*  3 

3  <r 

* * ; 

>- 

u 

O  X 

•s, 

X  CD  O 

>■  40  ►— 

X 

X  X  9 

o  o 

O'  X 

►- 

u 

X 

z  *~ 

03  X 

Ml 

X  X 

u_ 

c-  o 

ac 

Z  CO 

X 

CO  IM 

X  X 

X 

a  *-  oc 

I/O 

u.  ^ 

«« 

Ui  X 

X  ♦ 

z 

HOW 

Z  x  o 

o  2 

X  CO 

-j 

z  o 

o  »- 

o 

z  x 

U  ¥-  Z 

X 

X  x  o 

UJ  Ui 

to  a 

> 

O  M 

M 

M 

X  N*  X 

<  o 

X 

X  z 

X  -J 

UJ 

Ui 

X  o 

O  X 

h- 

X  3  3 

O  X  CJ 

o 

X  z  < 

CD  O 

3  O 

* 

X  X 

X  »- 

< 

o  o 

X  o 

X 

H*  O 

o  x 

<3  ac 

o 

Mt 

N 

3  X  X 

X  CD 

Ml  «  » 

ac 

►- 

UJ 

o  *- 

a  3 

H4 

o  u 

ft.  >*  z 

X 

to  M  X 

X  u> 

z  a 

o 

x 

z  -J 

X 

OXO 

«  X  Ml 

u* 

O  M  > 

z 

X  Ui 

O  X 

X  < 

M 

Z  X 

X  to 

IH 

X  Ol  M* 

z  mi 

U  -J 

X 

z  u 

> 

M- 

<  CO  X 

X  X 

to 

X  CO 

O  u. 

UJ  UJ 

o 

«  o 

CO  X 

3 

Z  X 

XXX 

o 

o  x  z 

*-*  z 

M 

X 

X 

X  z 

X  40  o 

X 

XXX 

►-  3 

>• 

X 

<0 

X  o 

o 

x  a  o 

O  to  X 

X 

3  a 

«  o 

O  CD 

«c 

Ui  CD 

3  z 

z 

O  O  Ml  • 

Z  «  X 

o 

a  <o  x 

U  X 

z 

X  z 

o  « 

< 

z  ►-  >- 

X  CO 

u 

Z  O  X 

M 

<  CO 

u 

3  Mi 

X 

K«Oh 

XhV 

3  X 

oc  o 

UI 

X 

q  a 

CJ  X 

CD 

Z  X  3  Ml 

o  x 

X 

O  O  X 

03  Z 

CD  H- 

w 

UJ  3 

o  < 

X 

3  OX 

X  Z 

o 

Z  X 

«  «-» 

Z  < 

X 

O  Q 

X  -J 

X 

O  O  O  mi 

«  ►  CD 

H- 

X  X 

u.  •— 

«  -J 

X 

O  O 

X  > 

X  Z  X  <D 

H  CD  m 

o 

V-  X 

-1  X 

o 

X  X 

X 

X 

X  Ml  X  « 

X  z 

X 

Z  NJ  to 

*-  u 

o 

u 

X  X 

3  X 

X 

X  Ml 

X  o 

X  N  M- 

z  « 

o  *- 

X 

X 

X  K  X  X 

X  o 

u- 

X  o  z 

«<  oc 

►-  oc 

u. 

-J  X 

X  H- 

a 

K  Z  NJ  X 

>  »- 

X 

<  Z  X 

X  4X1 

o 

o 

-J  o 

x  a  z 

z 

X  «  *M  X 

X  o 

X 

X  z 

X 

Z  X 

Ml  u_ 

X  X 

X 

Z  X  X 

z  x  a 

o 

M  »  o 

UJ  u. 

co  x 

z 

X 

XXX 

X 

Ml  (O  Ml  10 

X  X 

o 

x  to  X 

X 

*-•  3 

o 

o 

N  13  O 

Q  m*  Z 

XXX 

X 

X  X 

«  z 

-1  CO 

M 

H-  Ui 

■M  oc 

o 

X  O  X  mi 

NJ 

♦-  u  o 

M 

o 

X 

z  z 

X  X  M 

X 

o  o  z 

MUX 

X 

z  X  u 

Ui 

<  H- 

< 

UJ  CO 

<  > 

inj 

Z  O  Ml 

X  03  > 

X  M 

«  I  c  • 
I  u  « 

O  I  t-  * 
I  CO  « 

O  I  ►  « 

I  CO  « 
X  |  « 

I  z  • 

►-  I  o  • 

I  M  * 

<  I  w  * 
I  J  « 
U  I  3  • 
I  &  « 
I  o  * 
I  x  • 
I  a.  « 


x  _i  a.  < 

X  03  Ui  I 

»-  O  PC  I 


u  J  z  u 
O  ►-  K 
i  a  ui 
•  PC 
C  J  M  3 
U<OU 
JHIO 
OUMK 

o  x  x  &. 


I 


1 3142  >  TITLE  -  PROD  METHOD  FOR  LOW  COST  PAPER  MOTOR  COMPONENTS  275  200 


« 

X 

«£  • 

AM 

3 

3 

3 

© 

X  3 

© 

3 

3 

Z 

3 

3 

©  Z 

3 

AM 

AM 

3 

X 

z 

3  AM 

© 

AM 

3 

© 

> 

AM 

3  3 

Ml 

a 

z 

AM 

3 

X 

3 

Z 

© 

© 

3 

3 

X 

X 

AM  Z 

X 

X 

© 

© 

o 

3 

O 

O 

© 

X 

MA 

X 

3 

• 

© 

3 

AM 

o 

3 

z 

©  AM 

3 

o 

o 

© 

3 

«x 

3 

3 

• 

3 

CD 

< 

A-  3 

© 

3 

z 

3 

O 

© 

3 

3 

© 

3 

© 

X 

o 

X 

X 

X 

z 

© 

3 

»-  z 

3 

3 

3 

©  3 

o 

X 

3 

3 

3 

ME 

3 

O 

OO  M« 

X 

3 

©  a 

3 

• 

3 

X 

3 

3 

3 

O  3 

3 

X 

3 

3  o 

X 

3 

3 

© 

© 

X 

» 

© 

O  O 

00 

3 

X 

U  X 

3 

3 

< 

3 

O 

AM 

o 

3 

O 

X 

o 

O 

M 

3 

©  3 

X 

X 

3  3 

3 

X 

3 

3 

© 

3 

3  3 

3 

3 

© 

X 

© 

3 

3 

CL 

o 

O 

U 

© 

3  O 

3 

o 

©  X 

© 

3 

3 

X 

z 

3  3 

00 

X 

X 

© 

3 

3 

• 

3 

3 

© 

3 

■« 

3 

3 

Z  3 

X 

3  3 

X 

© 

© 

AM 

X 

P-  *i 

< 

3 

3 

•M  MJ 

X 

X 

O 

3  3 

a 

AM 

3 

3 

3  X 

Z 

PvJ 

X 

X 

3 

3 

3 

X 

O 

© 

3 

3 

03 

© 

o  3 

© 

rsi 

3 

X  Q 

3 

© 

© 

3 

3 

me 

© 

ME 

** 

OO 

AM 

o 

3 

©  3 

© 

Z 

© 

© 

3 

3 

X 

O  3 

3 

z 

O 

3 

3 

3 

3 

O 

3 

© 

o 

z  o 

© 

z 

< 

O  < 

X 

X 

me 

X 

X 

X 

© 

a 

3 

3 

•-4  Z 

z 

3 

3 

3 

x 

3 

3 

3  3 

3 

o 

© 

X 

z 

X 

Z  Ml 

AM 

> 

■«  • 

z 

3 

4*  3 

© 

© 

a 

X 

3 

z 

o 

< 

© 

X 

X 

Z 

x  oo 

AM 

Z 

© 

z 

3 

3 

o  o 

AM 

3 

3 

3 

3  O 

X 

o 

©  3 

< 

< 

3  O 

3 

X 

© 

3 

3 

X 

O 

© 

00 

3  x 

o 

CJ 

3  3 

X 

X 

©  u 

X 

© 

3 

< 

3 

X 

cc 

© 

X 

3 

< 

X 

>-  a 

© 

4« 

3 

3 

X 

X 

« 

3 

o 

3 

X 

X  o 

Z  AM 

o 

O  3 

© 

X 

X 

3 

3 

3 

X 

X 

00 

o  z 

3 

Ml  Z 

o 

3 

O 

< 

3 

o 

3 

z 

3 

© 

3 

3  < 

3 

© 

X 

z 

a  3 

X 

X 

X 

3 

3 

Z 

AM 

© 

o 

3 

3 

o 

z 

o  o 

« 

a 

3 

© 

o 

z 

3 

3 

© 

X 

ID 

X 

X 

00  00 

X 

MM 

Z  3 

3 

A-  Z 

3 

3 

AM 

< 

3 

CL 

O 

3 

CJ 

• 

3 

a 

AM  3 

3 

X 

4*  3 

X 

3 

3 

3 

O 

3 

o 

X 

3  Z 

> 

3 

u 

© 

AM 

X 

© 

3 

O 

3 

X 

M 

3 

Z 

X 

3 

a  o 

X 

3 

3  © 

< 

3 

©  © 

X 

3 

© 

O 

3 

« 

3 

o 

3 

M 

< 

3 

o  z 

O 

3 

3  Z 

o 

© 

3 

3 

3 

3 

© 

3 

o 

Z  00 

3 

O  AM 

3 

3  3 

3 

© 

© 

© 

3 

3 

3 

3 

3 

z 

X  3 

o 

X 

• 

X  X 

a 

X 

Z  X 

3 

3 

< 

> 

O 

© 

© 

"5 

© 

>- 

a 

X 

o 

3 

a  x 

3 

3  © 

© 

© 

X 

3 

3 

© 

> 

CD 

O 

3 

3  o 

> 

o 

3 

© 

3 

o 

O 

Z 

O 

z 

3 

O 

O 

©  3 
LJ  © 
3  O 
am  u 


© 


©  < 


3  < 

X 

3  X 


O  am 

»  X 


X 

O  © 


X  00 
< 
I  © 


X  £T 
Ui  O 


CD  O 

O  X 


o  z 

X  ~ 
3  3 


K  «  < 

a.  co  > 
X  o 
O  00  « 

Z  © 


O  X 
©33 
3  3  00 

3  « 

O  O  UJ 


X  *- 

CO  o 


o 

CL 

a. 

z 


O  3  3 


o 
x  x 


:  go 

<  3 

X  3 


UJ  J 

X  < 


>  3 

UJ  00 

O  3 


GO  00 

<  X 

X  u 
UJ  3 
Q  CO 

3  ► 

00  oo 


x  >- 

3  3 

CO  go 

X 

X  u 

O  CO 


X  m 
I 

«  <  X 


o 

X 

CO 

a 

o 

X 


3  X  X 
3  O  < 


UJ  • 


I  CO 


©  oo 

0  3  3 

X  ««  o 

X  o 


© 


O  X 


3  x 

3  « 
J  X 
o 
© 


3  X 

at  o 

o  o 


z  o 

O  3 
i-R  a 

*-  o 


»  CO 

3 

X  3 


a  x 

3 
I  3 


3  X 

O 

CO 


3  O 
CD  X 
O  X 


O  x 
3  3 


3  < 
-J  X 
O 

OO 


X 

3 

I 

UJ 


CO  o 
UJ  X  z 
X  3 
H>  X  CO 


00  Z  X 
3  <  o 
Z  X  X 


UJ  O 
X  o 


3  X  « 
CD  O  X 
0  3  3 


ZOO 
0X3 
1-4  X  o 
K  WO 
3  X  X 
3  3  0. 
O 
CO 


Z 

o 

X 

X 

o 


I 


o 

3 

3 

X 


Ml  < 
CD  UJ 
X  X 


X  (A 
3  3 
3  X 
ID  X 
O  3 


3 

3 

O 


ffliffDiTlfc  U  IllMTHl'TtilAifi 


PRODUCTION  AND  TEST  TECHNIQUES  TO  FABRICATE  TURBINE  ROTORS  WITH  INCREASED 
STRESS  AND  FATIGUE  LEVELS. 


o  co  x 

(0  x 

UJ  x 

H- 

Z 

Nl  Z 

o 

»-  o 

O  X  40 

UJ 

CD  O 

-* 

X  ©  UJ 

a. 

mMm 

►— 

CD 

40  »4 

♦-  4 

o 

X 

»-  CD 

X 

J  H  4 

o 

to  N- 

2  <  J 

z  *- 

a:  z 

H- 

•  40 

o 

•4  z  H* 

X 

o  3  J 

O  O  CO 

►4  4 

UJ  <-* 

y  <  j- 

u 

Ky  CD 

UJ  O  3 

*4  4 

Q 

190(0 

-J  -J  co 

3  »-4  O 

h- 

H  M  (O 

>-  x  N- 

QC 

CO 

z  OC 

-J 

CD  J  3 

« 

a 

UJ 

4  QC  UJ 

U  -J  CO 

o  o 

z 

O  -4 

4 

4  O  X 

O 

co  uj  o 

X 

o  4  cr 

3  h  UJ 

x  z 

o 

_l  O 

►4 

-J  3 

J~ 

►-  QC  ♦- 

o 

*4  > 

Z  so 

a  co 

►4 

*4 

QC 

♦4  Z 

o 

Z  O 

o 

0C  4 

>4  CM 

O  CO  z 

to  ac 

►— 

o  4 

UJ 

<  a  o 

X 

UJ  Z  h 

X 

CD  >- 

-J  ^ 

CCHO 

UJ  UJ 

4 

z 

►- 

>  Z  *4 

Z  ~  j 

4  iDCO 

0- 

o 

a.  x 

>-  UJ 

■J 

40 

4 

4  4  ►“ 

h- 

O  3 

4 

U_  4 

u 

o 

<  z 

3 

z  4 

X 

4 

U 

a.  >-  o 

OC 

QC 

3 

►-  •  X 

X  *-4 

CO 

4 

uj  co  a 

* 

X  UJ  14 

z 

O  UJ  Q 

4  »- 

Z 

40  40  U 

o 

z 

U  Q 

o 

X  Z  *4 

u 

oxu. 

>4 

X  X  UJ 

UJ  X 

« 

o  uj  < 

a  z 

•— » 

UJ 

z 

<  o  x 

o 

u  u_ 

*4  t-  > 

>-  u 

I- 

40 

u  co  j 

Z  UJ 

CO  *4 

►4 

*4  h4 

QC 

UJ  *4 

UJ 

y  uj  j 

oc 

z 

H 

i  co  a. 

< 

a 

QC  X 

N* 

Who: 

qc  x  a 

♦- 

CD  O  O 

uj  a 

o 

Z 

O  UJ 

z 

o 

O  4« 

■4 

O  4  UJ 

x 

O  H- 

4 

CO 

O  >• 

> 

u> 

UJ 

h  U  UJ 

<o  o 

►- 

»-  h- 

-J 

K  u  > 

u-  o 

3 

UJ 

U  K  2 

4* 

z 

1  O  CD 

x 

o 

■4  Z 

40  *4 

«J 

o  x  z 

-J 

-J 

QC  *4 

x 

o 

Z  x 

QC  h- 

X 

-1  UJ 

40 

y  j  i- 

UJ 

X  O  14 

•( 

NJ 

4  O 

a. 

t3  ft  K 

3  O 

3  O 

z 

co  a.  co 

u 

X 

> 

Nl 

UJ  UJ 

O  M  H  I 

z  uj  co  ac 

n  o  d  u 

z  *4 
m  co  x  ce 
<  i-  o  x 

>-  ►*  4 

Z  >-  co 
o  y  h 

O  3  m  J 


XUQ 

UJ  z  z 

►-  ©  4 
CO  X  Z 
►  I  UJ  o 
40  O  X  *4 


O  K  H 

X  Uj  z 

co  a.  uj 

z 

X  X  O 

o  a. 
UJ  «  x 

O  X  o 

Z  o 


o 

h- 

H* 

o  o 

x 

UJ 

o  J< 

<0  u  CO 

y  y  u 

X  UJ 

o 

U 

*4  h- 

4  Z 

o 

CO  14 

-J  x 

QC 

40 

X 

to  • 

ac  ^ 

QC 

03 

to  *4  X 

j  z  y 

H* 

qc  *  ac 

X  UJ 

z 

►-  u 

X  4 

X 

3  X 

•4  Z 

O 

o 

O  40 

a 

<0 

O  »4  03  QC 

<  *4  X  z 

Z 

Ul  b*  4 

h* 

to 

o  o 

3 

3  -J 

ac 

3  O 

a 

o 

U  UJ 

to 

b- 

4 

K  CD  4  y 

»4  40  4 

UJ 

X  *4 

_l  40 

z 

•4  z 

Z  X 

Z  -J 

Ul 

to  ac 

X 

V 

UJ 

z 

40 

UJ  *- 

Z 

40  O'  X  x 

qc  a  u 

X 

H-  UJ 

_J 

*4 

to  4 

o  »- 

4  UJ 

X 

X  3 

*-  X 

o 

ac 

o 

X  (0 

X  z 

UJ 

X 

y  h  4  H 

UJ  UJ  40 

UJ 

X  z  > 

*4  O 

o 

-J 

*4  (0 

X  X 

Ul  u 

u  o 

\ 

*4 

o 

UJ  UJ 

►-  UJ 

z 

o 

03  O 

►—  CO  -J  «J 

u 

O  4  »4 

X  z 

_J 

3  40 

►“  z 

o 

X 

*-  z 

X  o 

T 

4 

►- 

►- 

*-  u 

z 

o 

CO  QC  K 

4  3  4  4 

4 

•4  3  »- 

14 

o 

X  — J 

t->  o 

X  ac 

d> 

to  14 

3 

4 

to 

ac 

o 

4 

40  O 

UJ  o 

X 

»- 

4  UJ  UJ  Z 

X  H  M 

-J 

X  3  *4 

UJ  to 

X 

O  4 

3  O 

CO  X 

►4 

► 

O  X 

2 

'  si  j 

K 

CD 

X 

3 

>■  ac 

a. 

X 

z 

h-  x  y 

z  x  ac 

X 

to 

Nl  4 

X  *4 

O 

14 

X 

co  to 

ac  u 

T 

z 

3 

40  X 

•4  X 

o 

UJ 

►-  X  ►“  _J 

cc  y  y  y 

UJ 

y  y  z 

•4  X 

z 

X  X 

O 

-J  o 

■s. 

u 

X  rsj 

UJ 

4 

X  o  u 

X 

Z  <  -J 

y  u  h  h 

X 

z  o  y 

X  4 

o 

UJ 

ac  z 

CO  *4 

♦-  _J 

N) 

i 

z 

40 

UJ 

>  z  to 

<4  O 

UJ 

UJ  ►“  Ul 

J  to  4  4 

UJ  ft  <0 

4.  X 

♦4 

o  ♦- 

X  UJ 

4  «J 

to 

X  Nl 

40  O 

o 

o 

3C 

UJ 

O  X 

►- 

QC 

o 

CO  O  40  O 

_J  XX 

H- 

X  4 

t— 

e- 

14  4 

z 

1-  o 

o 

X  *N 

•4  Z 

1 

X 

u 

u 

UJ 

►4  X 

x  UJ  o 

4 

UJ  UJ  O  K 

*4  UJ 

-J 

X  -J  V 

X  UJ 

a 

-J  X 

-J  o 

to  CO 

u 

u  o 

X 

_  * 

X 

O  ac 

CO 

O  -J 

-J 

ft  ft  J  UJ 

X  >  •  u 

4 

3  J 

o  u 

UJ 

o 

4  X 

UJ 

o  z 

►“  X 

o 

3 

ac 

-J  ►- 

rx  O 

X 

X  3 

4  O  »- 

CO 

u>  Z  -J 

X 

3 

to  X 

«  X 

X 

3 

X 

•J 

a  3  z 

i  uj  a.  uj 

^  o  z 
c  4  a  o 

UJ  H  ft.  IL 
-J  O  X 
IDmIl  O 
O  O  O  U 


I  u  4  4 
4  X 

K  Li.  UJ 
U3HS) 
-J  Z  > 

CD  4  O  O 
OIOH 


tUh-H 
X  CD  (O  ►— 
J  c  a.  j 
0333 
O  Z  40  X 


FORMULATIONS  AND  ESTABLISH  QUALITY  CONTROL  ANO  PROCESS  SPECIFICATIONS 


Z  <4 

z  eg 


>-  U 
a 

Id  Q 


H  © 

Z  U 

x  ac 


UI 

o 

_l 

z 

z 

-1 

-j 

M- 

CO 

z  z 

Nd 

© 

UJ 

»- 

CD 

p- 

Ml  Ui 

Ul 

3 

> 

u  • 

Z 

a 

UJ 

z 

CO 

© 

» 

o 

UJ 

CL  VO 

ac 

UI 

o 

z 

Ul 

z 

Ld 

3 

a 

P- 

UJ 

mi 

VO 

Ml 

ml 

Q  UJ 

PM 

to 

z 

O  2 

a  > 

< 

3 

z 

mi  • 

<  ffi 

p- 

z 

PM 

o 

«-*  u 

z  o 

P- 

o 

Ui  CO 

z 

Ul 

-J 

Ld 

p- 

p“ 

CL 

z 

Z  UI 

O 

VO 

mi 

a.  3 

mi 

I 

3 

ft 

z 

O 

O  Ui 

Ui 

P- 

VO 

z 

o  o 

Ui  -J 

h* 

co 

X 

o 

p- 

ac 

P-  ac 

a  ac 

Ui 

UI 

z  a 

CD  Ml 

Ul 

UJ 

Ui 

ml 

CL 

l* 

UJ 

UJ 

UI 

CL  Z 

3 

U. 

ac 

z 

PM 

a.  3 

Ml  © 

z 

o 

o 

z 

z 

o 

PM 

Ul 

3 

Ui 

3  Cl 

ac  3 

h- 

ac 

z 

M  pm 

Z  CO 

mi 

~i 

ffi 

t- 

UI 

Q  Z 

CL 

Ld 

UJ  z 

O  VO 

Ui 

mi 

© 

ft 

vo 

z  ac 

P- 

P- 

fd 

z  z 

UJ 

CO 

z 

z 

z 

Ui 

•« 

• 

Z 

Ui 

» 

o 

M  O 

3  Z 

PM 

PM 

ffi 

3 

Ui 

Ui  VO 

Z 

z 

-i 

O  UJ 

Ml  O 

z 

CO 

to 

© 

vo  p- 

Z  Ml 

M- 

P- 

>» 

z  z 

Q  Z 

UJ 

u 

3 

mi 

Z 

►-  z 

z 

z 

z 

cl  a. 

z 

u 

Ui 

z 

mi 

o 

-J  ac 

♦-*  o 

Z 

z 

h- 

o 

Md 

z 

ffi 

z 

o 

PM 

ac 

3 

Z  Ui 

u 

o 

Ul 

Ml  CO 

«M  >- 

z 

z 

ui 

z 

3 

u. 

©  u 

uj  a. 

3 

u 

ac 

z 

_l  M 

z 

o 

a 

u> 

PM 

o 

UJ  Ml 

a.  a 

VO 

z 

u. 

M4 

o  z 

Ul  o 

A 

z 

VO 

3 

>- 

UI 

Ui 

ac  p- 

z 

z 

a 

CO  Ui 

»-  L- 

*M 

z 

Ul 

a 

Ui 

p- 

3 

z 

vo 

z  ac 

VO 

Ui 

o 

z  z 

a 

z 

o 

o 

PM 

Z 

z 

M*  Ml 

Ml  U 

VO 

u. 

z 

z 

Z  z 

Z  z 

z 

Ui 

z 

PM 

ml 

Pd 

ac 

U)  _J 

VO 

UJ 

o 

< 

Ml  UJ 

z  o 

z 

o 

1- 

CL 

z 

PM 

P- 

o 

Z  mi 

a 

Ui 

ac 

z 

z 

y  ay 

o 

►d 

z 

o 

u> 

z 

CD 

z  z 

Ui  UJ 

o 

uj 

o 

P- 

Q 

U>  Z 

u. 

H 

ffi 

Ui 

»- 

z 

o 

ac 

M  CO 

>  CD 

ac 

z 

CD 

Ml 

UI  u 

O  -J 

z 

ffi 

z 

u. 

Cl 

•< 

mi 

a 

3 

Ml 

3 

CO  z 

to 

V0 

z 

Ul 

V 

u 

Ui  P- 

o  a 

P- 

a 

3  H- 

Ml  VO 

CO 

Ui 

z 

z 

z 

p- 

Z  UJ 

VO  _| 

Ui 

UJ 

Ml  Ml 

Ui 

CL 

p- 

z 

3 

o 

u. 

Z  Ui 

VO  3 

ac 

z 

a 

z 

00  u. 

a  z 

Ul 

o 

Ul 

PM 

ml 

o 

ac  z 

Ml  O 

o 

u. 

Ul 

z 

1-  o 

M- 

© 

>- 

o 

PM 

o 

a  3 

P- 

3 

P* 

z 

z 

Ul 

z 

X 

z 

Id 

o 

ft. 

> 

a>  p- 

Z 

Z 

u 

o 

(O 

Ui  u 

z  • 

CL 

o 

p- 

z 

© 

o 

ac  o 

UJ  p- 

Z 

z 

z 

CD 

M* 

Ml  z 

O  ui 

p- 

vo 

z 

z 

u 

*  z 

CD  Z 

o 

z 

UJ 

Pd 

z 

a  o 

z  z 

z 

z 

Ml 

z 

o 

Ui 

u 

z 

CD 

z 

Q 

u 

Ui  CO 

O  ul 

ffi 

z 

o 

z 

• 

Z 

-1  -J 

Z  ►" 

Z 

UJ 

z 

Pd 

z 

Z  10 

u. 

UJ 

ffi 

z 

a 

►  -J 

o 

-J 

z 

3 

Ui 

Q 

O  Ui 

z  to 

o 

z 

z 

M* 

Ui 

Ui 

X  M« 

U  Ui 

p- 

z 

UJ 

Z  VO 

CL  O 

Ul 

a 

-J 

.J 

z 

UJ  3 

z 

Ui 

u. 

P- 

z 

Ml  3 

O  X 

z 

VO 

o 

Li 

P- 

z 

p-  z 

z 

z 

o 

o 

z 

CO  CL 

o 

►d 

Ul 

p- 

z 

o 

1  u 

z 

p-  • 

Ml 

Ui 

z 

-J  o 

PM 

►d 

z 

z 

z 

z 

ac 

Z  Ml 

Z  UJ 

a 

V) 

-J 

Ml 

Z  UI 

CO 

CO 

►- 

z 

z 

p- 

o 

mi  Z 

CL  Ui 

UI 

CO 

u 

Li  CD 

P-  z 

z 

CO 

H- 

z 

u. 

U.  UJ 

-J  p- 

3  P- 

z 

o 

>■ 

►d 

Z  PM 

z 

Ui 

© 

UJ 

o 

O  VO 

Ui 

Z 

z 

-J 

u 

z 

Z  Ui 

Z  CO 

u- 

Ui 

z 

o 

z 

o 

o 

3 

-L  • 

u  z 

z 

Ui 

z 

Ui  -1 

h-  3 

CO 

o 

PM 

Ul 

z 

Z  Z 

O  P- 

-J  p- 

o 

K 

z 

mi 

Z  CD 

z 

z 

ml 

p- 

» 

>• 

Ui 

o  o 

z  pm 

<  CO 

A 

CO 

ml 

UI  z 

3  P- 

o 

ft. 

ml 

z 

o 

-i 

a 

pm  UI 

a. 

u  z 

PM 

o 

Ui 

O  3 

z 

o 

z 

PM 

PM 

P-  CO 

►* 

(0  o 

a 

z 

z 

0. 

U.  -1 

X  o 

Ui 

p— 

z 

►d 

u 

© 

o 

u 

CL  U. 

z 

z 

z 

o 

O  Ml 

CO  z 

o 

z 

p- 

z 

z 

z 

3  -J 

Z  Ml 

mi  UJ 

u. 

z 

z 

►“ 

Ui 

z  • 

CO 

Ul 

z 

O  Z 

K  ac 

-J  o 

o 

CO 

z 

CL 

z  > 

CO  *M 

d 

CO 

o  to 

Ui 

o 

O  Ml 

U  3 

Ml 

►M 

UJ 

Ui  z 

Ul  3 

UI 

Ul  P- 

PM 

© 

& 

z  ac 

v>  a. 

3  Ui 

>• 

> 

-J 

CD  M 

M 

ft. 

K 

CO 

to 

K 

PM  • 

3 

CL  UJ 

CD 

z 

UI 

o 

z 

Z  3 

o  to 

3 

ft 

z  o 

PM 

o 

© 

VO 

P- 

UJ  o 

P- 

Ui 

z 

o 

z 

3 

3  CO 

PM  Ul 

ffi 

p-  Ui 

H 

Id 

u  z 

Z  P* 

U  Z 

> 

UJ 

u 

UJ 

o 

Z  ui 

K  Ui 

UJ 

Ui 

p- 

z  © 

Z 

z  z 

Ui  z 

o 

z 

X 

z 

Ld 

z 

CO  Ul 

-i 

z 

>■  ac 

PM 

1 

X  © 

Z 

Z 

p- 

a 

3  UI 

u 

P- 

z 

P- 

z  o 

o 

z 

M» 

P-  o 

© 

♦-  u 

-J 

u 

Q 

1  u 

o 

Ui 

1 

ft. 

o 

1  z 

u 

_l  ffi 

1 

-1 

o 

-1 

vO 

1  UJ 

mi 

Z  VO 

z 

1 

UI 

CO 

o 

1  Ui 

a. 

CO 

1 

3  Z 

z 

©  o 

UI 

Z  J 

CL  CO 

o 

z  CO 

m 

z 

UP  mi 

z 

PM 

<0  z 

ft 

1 

z  u 

O  Ml 

Ui 

I 

z 

3 

O  UI 

1 

z 

O  X 

1 

Z  M4 

o 

z 

Ul  ft 

o 

ui  uj 

Ml  P- 

CO  o 

UJ 

o 

PM  U 

Ui  U 

PM  U 

UJ  u.  z 

PM 

Ui 

Ui 

ac 

Ld 

-1  3 

P-  10 

Ml  O 

Ui 

ml 

o 

P-  O 

UJ 

-J  > 

H-  p-  • 

Ul 

-J 

u.  © 

»- 

p- 

o  ui 

& 

mi 

CD  U 

3  Mi 

z  z 

mi 

CD 

z 

3  Z 

.J 

A  z 

3  z  ft. 

-i 

ffi 

PM  M* 

3 

z 

Z  Z 

o  ac 

-J  o 

P-  CL 

P- 

o 

a. 

-J  CL 

K 

o  z 

d  (D  3 

p- 

o  a  x 

ml 

z 

ft.  p- 

1 

N 

ac 

O 

Pd 

z 

o 

Ml 

z 

o 

PM 

* 

o 

1 

I- 

a. 

CO 

M* 

CL 

CO 

P- 

CL 

(0 

p- 

ft 

CO 

O 

CD 


© 

© 


a. 

c 


o 

(£ 

CL 


O 

ac 


© 
ac  © 

O  Ui 
u_  u 
O 
ac  ac 
UJ  CL 
M 

u.  o 

PM  -J 

a  u 

O  M 


U  3 
Pd  O 


© 

Ml  Z 

-I 

-I  o 


<  3 
Q 
VO 


O  Pd 
UI  VO 


ft 

VO  K 


O 

P- 

u 


o 

Z 


a 

I 


-J  CD  3 

K  O  03 

m»  ac 


© 

ui  • 
>  h- 

Z  VO 

-*  o 
u 
I 

p“ 

z  u 

O  3 

Ml  O 

►-  o 
3  ac 

*J  CL 

o 

VO 


♦ 

♦ 

K) 


m 

«■ 

K1 


o 

u 


'r-IPfr™'*  "«V 


♦ 

co 


o 

co 


>-  E 

0 0 

3 

z 

UJ  3 

00  00 

a 

00 

U-  PM  O 

z  o 

3 

3 

-1  < 

O 

H-  Ul 

X  o 

3  Z  13 

H-  1 

CD 

u  o  u 

3  DC 

< 

H- 

3  ac 

u 

O 

z  *- 

i-  ac 

•M  <  Z 

Z  Z 

3 

3 

E  H- 

E 

3 

M 

<  o 

o 

E 

<  u 

u 

3  3  pm 

•M  o 

00 

z  3  ac 

a.  o 

M 

00 

z 

3  O 

o  o 

13  PM 

CD  X  H- 

o  z 

H*  3  O 

PM  3 

o 

PM 

PM 

Z  0C 

oo 

O 

PM 

Z  X 

E  00 

a. 

H- 

«  U 

3  3 

w 

> 

E 

*m  a 

Ul 

PM 

U.  00 

PM 

3  H-  3 

PM 

00  E 

a  3 

00 

«M 

z  © 

►— 

a 

z 

PM  PM 

>-  o 

CO  Z  *- 

3 

3 

h  WE 

3 

*“ 

00 

3 

<  CM 

z  >■ 

V 

o 

z 

O  PM 

00  3 

X  3 

U 

3 

3 

z 

oo 

3 

-J  *"• 

O  E 

p- 

ac 

13  13 

3  ac 

<  00  3 

P-  CD 

a; 

ac  u.  h 

z  o 

3 

•< 

Ob 

o  ac 

H- 

<M  Z 

a  cd 

Ul  CD 

O 

Pm 

O  o  oO 

o 

z 

a. 

O 

< 

3 

U 

00  PM 

E  >» 

o  ac  o 

H-  ac 

o 

p-  >- 

*M  00 

o 

l-b 

ac 

Ul 

Ul 

Ul 

m 

3  X 

pm  a.  ac 

<  Q. 

<  Z  00 

»-  ac 

Cl 

o 

M  H- 

aj  >- 

z 

3 

M  o 

Z  Q. 

o 

ac  o 

Pm  Ul 

E 

p- 

a: 

Ul  2 

z 

Ul 

ac 

ac  u 

o  • 

3  3 

PM 

3  pm  z 

Z  3 

O 

© 

>-  U 

*-  < 

o 

o 

ui  a. 

o  o 

ac  3  < 

O  X 

ac 

a.  *-  o 

©  E 

u 

00 

P- 

ac 

00  E 

z 

a: 

ac 

u 

H-  C3 

PM  h- 

03 

O  U  PM 

O  3 

CB 

Ml 

Ul  o 

3 

PM 

U> 

PM  3 

z 

Ui 

U  «  W 

> 

>- 

3  P- 

O  Z 

♦ 

CD 

ac 

•> 

H- 

X  X 

> 

3  < 

>-  o 

a. 

3  *C  *-• 

3  Z 

X 

•Z  0.  >m 

3 

U 

< 

p-l 

Z 

*- 

PM 

E 

3  Z 

O  PM 

MP 

3  O 

Q  O 

X 

<  00  z 

ac  3 

10 

Db 

CL 

u 

Ul 

>-  PM 

a: 

ui  ac 

O  H- 

X 

3  <  >• 

u 

Z  © 

© 

a 

E 

X 

O  3 

Ul 

a 

ac  '.j 

3  U 

u 

a.  »- 

C3  3 

>*  pm  O 

Z  ac 

ac 

a 

O 

H-  O0 

a. 

O 

Q 

PM 

*- 

O  3 

>■  PM 

z  o 

00 

OD  O 

ac  « 

< 

M 

U 

X  o 

-J  Ul 

ac 

00  z 

z  a 

u 

ac  3  at 

PM  3 

*- 

3  3 

3  3 

o 

CD 

X  CL 

3 

O  O 

>- 

co 

3  PM 

X  o 

o 

<  a co 

H-  3  • 

z 

oo  >  ac 

*- 

0Q 

3 

O  I  «  3 

I  N  « 

(0  (  Z  «  I 

I  Ul  *  I 

wit* 
i  a.  « 

him*  p- 

»  3  «  z 

<  I  O  •  Ul 

I  Ul  «  * 


Z  X  o  H- 
*M  H-  U 
►  3 
a.  u.  h  a: 
nOHh 
X  3  00 
U  2  H  U 
0030 
3  PM  « 

J  H  M  Q 

CD  U  J  Z 
<  3  Id  < 
IH  K  K 
_i  H-  O 
Ul  00  CL  as 
ac  u  *h  m 
Z  o  X  E 
3  0  3 

DC  00 
3  O  ©  Z 
Z  Z  O 

o  z  *-<  u 

o  z 

I  MH  Id 

*-  *  x  . 

t  u  a  m 
UUUH 
3  3*- 
ID  Ul  Ul  00 
O  K  Q  n 


O  O  CL 
3  3  0 

a.  o 

MOQ  • 
Zacuo 
H  H  J  U 
Z  -J  o 
JHOU 
<  ac  u> 
uy  hz 
•-  3  z 
H  o  o  w 

a  h  u  m 

O  *- 

<  a  i/) 

I  ILUJH 
H-  PM 
X  Z  3  3 
W  <  Q.  U 
Jita: 
CD  3  O  pm 
O  X  U  U 


SOLUTION  -  AUTOMATE  THE  ANALYSIS  OF  X-RAY  RESULTS*  AND  PROVIDE  DEPTH 
PERSPECTIVE  BY  PARALLEL  OR  HOLOGRAPHIC  TECHNIQUES 


CATEGORY 


PAGE 


Armor -  204 

Body/Frame -  206 

Drive  System -  208 

General -  211 

Suspension  System  -  213 

Track -  215 


US  ARMY  TANK-AUTOMOTIVE  COMMAND 


(TACOM) 


The  US  Army  Tank  and  Automotive  Command  was  recently  formed  from  the 
resources  of  the  US  Army  Tank  and  Automotive  Research  and  Development 
Command  (TARADCOM)  and  the  US  Army  Tank  and  Automotive  Readiness  Command 
(TARCOM) .  It  is  located  in  Warren,  MI,  has  the  mission  of  developing, 
acquiring,  and  fielding  tracked  and  wheeled  military  combat,  tactical, 
and  general  purpose  vehicles.  The  mission  is  worldwide  in  scope  and 
includes  among  its  customers  all  of  the  US  military  services,  and 
friendly  foreign  nations.  The  production  base  for  mission  items  is 
made  up  of  both  private  and  government-owned  contractor-operated  facil¬ 
ities.  MMT  efforts  are  accomplished  partially  in-house  and  partially 
out-of-house.  The  TACOM  MMT  program  is  separated  into  six  categories: 
armor,  general,  drive  system,  track,  suspension,  and  vehicle  body. 

The  main  requirements  placed  on  TACOM  today  in  the  field  of  armor 
are  to  increase  the  ballistic  tolerance  of  conventional  armor  while 
reducing  its  overall  weight,  and  develop  new  lightweight  armor  for  the 
high  speed,  high  survivability  vehicles  which  are  currently  being 
evaluated  in  field  tests.  To  meet  these  requirements,  the  Command  is 
emphasizing  Electro-Slag  Remelt  (ESR)  steel  armor,  combination  type 
armor  and  the  application  of  spall  surpressive  armor  to  the  interior 
walls  of  combat  vehicles  to  reduce  the  overall  ballistic  threat.  To 
pursue  these  new  armor  developments,  it  will  be  necessary  to  have  com¬ 
mercially  available  joining  processes  so  that  these  new  armors  can  be 
used  cost  effectively  in  production.  TACOM  has  establish  several  MMT 
projects.  Areas  covered  include  joining  ESR  steel  armor,  welding  com¬ 
plex  alloys  and  shapes  by  laser,  identifying  electron  beam  welding 
applications,  and  optimizing  welding  procedures,  and  ultrasonic  inspec¬ 
tion  of  welds. 

Other  areas  of  interest  in  armor  are  fabrication  techniques  for 
expendable  plastic  decoy  tanks,  production  procedures  for  the  appli¬ 
cation  of  color-changing  coatings,  materials  and  coatings  to  reduce  the 
efficiency  of  tracking  devices,  and  the  use  of  CAM  in  hull  fabrication. 

In  general  support  of  combat  and  tactical  vehicles,  TACOM  is 
actively  pursuing  manufacturing  technology  in  various  areas.  Projects 
are  included  for  non-corrosive  materials,  chemical  joining  techniques, 
use  of  advanced  microprocessors  and  multiplexing,  high  speed  machining, 
and  flexible  machining  pilot  lines  for  batch  production.  Several  pro¬ 
jects  are  also  proposed  for  the  CAM  area;  these  include  a  new  machinery 
and  equipment  data  base,  computer  simulation  of  production,  application 
of  adaptive  control  technology  to  vehicle  components,  and  extension  of 
CAD/CAM  principles  to  spare  parts  manufacture. 
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The  major  requirements  for  propulsion  and  track  are  to  develop 
production  techniques  to  manufacture  propulsion  and  drive  systems  for 
the  XM1,  XM2,  XM3  and  future  tracked  and  non- tracked  combat  and  tactical 
vehicles.  Fabrication  and  joining  are  of  major  concern.  TACOM  is 
actively  pursuing  production  development  of  advanced  casting  tech¬ 
niques  for  integrally  cast  compressors,  automated  assembly  line  welding 
techniques,  compliant  joints  to  join  metals  and  non-metals,  and  auto¬ 
mated  laser  machining  of  complex  machine  alloys.  Life  cycle  costs  for 
various  tactical  and  combat  vehicles  can  be  significantly  increased  by 
eliminating  premature  failure  or  reduced  service  life  of  components  due 
to  corrosion  and  deterioration  of  material  during  the  normal  life  cycle. 
To  support  this  area,  TACOM  is  endeavoring  to  bring  on  line  ceramic 
reinforced  combustors. 

The  track  and  suspension  category  is  constantly  caught  in  the 
technical  dilema  of  producing  more  advanced  systems  to  meet  the  ever 
increasing  demands  of  higher  performance  in  more  adverse  terrains 
while  maintaining  the  overall  reliability  and  maintainability  of  the 
system  at  or  near  current  system  costs.  To  achieve  these  objectives, 
the  track  area,  as  with  the  other  categories,  has  been  sub-divided 
into  major  thrust  areas  for  better  visibility  and  management  control. 
These  areas  are  general,  rubber  pads,  shoes,  track  sprockets,  wedges 
and  suspension  components.  In  these  areas  the  general  thrusts  have 
been  to  introduce  production  techniques  for  metal  matrix  composites, 
non-metallic  matrix  composites,  advanced  rubber  compounds,  new 
rubberization  systems,  advance  elastomeric  compounds,  lightweight 
castings,  hard  surface  coatings  and  powder  metallurgy. 

In  body/frame,  the  main  thrusts  are  the  conservation  of  fuel  and 
material.  To  meet  these  requirements  the  objective  is  to  reduce  the 
overall  weight  of  the  vehicle,  to  increase  its  payload,  and  lower  the 
life  cycle  cost  of  the  systems  by  reducing  the  corrosion  and  degradation 
of  the  materials  of  construction.  Here  the  main  areas  of  concern  are 
coatings,  lightweight/composite  structures,  miscellaneous  components, 
structural  members,  suspension  systems,  and  seats  and  fuel  tanks.  Within 
these  areas,  work  will  be  accomplished  in  elastic  reservoir  molding  of 
reinforced  trailer  module  bodies  to  reduce  weight  and  costs,  rapid 
curing  automotive  paints,  new  fungicidal  paints  acceptable  to  the  FDA, 
automated  and  computer  controlled  processes  for  joining  metals  with 
adhesives,  plastic  cab  tops,  maintenance  free  batteries  with  high 
impact  resistance  and  non-corrosive,  lightweight  non- structural  tactical 
vehicle  components. 
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ATTACHMENT  OF  COMBINATION  AFMOK  TO  COMBAT  VEHICLES 


PROBLEM  -  WELDING  IS  LABOR  INTENSIVE  AND  HIGH  COS f  IT  IS  A  MAJOR  COST  DRIVER 
IN  ARMOR  VEHICLE  MANUFACTURE. 
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SOLUTION  -  TECHNOLOGY  HAS  PROVIDED  SEVERAL  POSSIBLE  ANSWERS  TO  THIS  PROBLEM* 
AND  THESE  WILL  BE  EVALUATED  AND  APPLIED  AS  A  SOLUTION. 
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SOLUTION  -  ESTABLISH  A  UNIVERSAL  FIXTURE  THAT  WILL  USE  AUTOHATIC  WELDING 
PROCEDURES. 
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PROBLEM  -  PARTS  FOR  TRACKED  COMBAT  VEHICLES  ARE  TYPICALLY  NOT  MANUFACTURED  IN 
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TEST  &  EVALUATION  COMMAND 


CATEGORY 


TESTING 


US  ARMY  TEST  AND  EVALUATION  COMMAND 


(TECOM) 


TECOM,  with  headquarters  at  Aberdeen  Proving  Ground,  MD,  is  the 
primary  developmental  testing  agency  for  the  US  Army.  TECOM  plans, 
conducts,  and  reports  on  development  tests  performed  during  the  life 
cycle  of  Army  materiel,  and  evaluates  foreign  materiel  for  possible  US 
acquisition.  Additional  testing  is  performed  as  a  service  to  the 
commodity  commands  upon  their  request.  The  testing  organization  con¬ 
sists  of  the  aircraft  development  test  activity,  three  environmental 
testing  activities,  five  proving  grounds  (one  of  which  serves  as  the 
third  testing  activity),  and  a  national  missile  range.  Facilities  are 
located  in  the  continental  United  States,  the  Panama  Canal  Zone  and 
Alaska. 

Individual  investigations  into  production  test  procedures  and 
evaluation  techniques  are  accomplished  through  TECOM' s  MMT  program.  In 
view  of  TECOM' s  mission  and  the  intended  results  of  the  MMT  efforts  (to 
improve  test  procedures),  the  majority  of  the  work  is  accomplished  in- 
house. 

TECOM' s  MMT  efforts  are  grouped  under  two  general  headings: 
documentation  and  resource  conservation.  Individual  efforts  are  funded 
from  these  "parent  programs."  Current  funding  constrains  TECOM  to  an 
annual  program  that  supports  approximately  one-half  of  their  planned 
efforts. 
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INDUSTRY  GUIDE 


This  section  of  the  MMT  Program  Plan  explains  the  Army  programming 
cycle  for  the  MMT  Program.  The  objective  of  the  MMT  Program  is  to 
develop  new  manufacturing  methods  and  processes  that  will  reduce  the 
cost  of  producing  weapon  systems.  The  program  is  made  up  of  200  pro¬ 
jects  annually  that  concentrate  on  improving  and/or  developing  manufac¬ 
turing  methods,  techniques  and  processes. 

The  scope  of  the  MMT  Program  covers  all  three  of  the  military 
services.  Within  the  Army,  the  Office  of  Manufacturing  Technology  (OMT) 
has  been  established  to  provide  overall  program  responsibility.  Func¬ 
tional  responsibility  is  at  the  commodity  oriented.  Major  Subcommands . 

The  Subcomnands  plan,  formulate,  budget,  and  execute  Individual  projects. 
The  Industrial  Base  Engineering  Activity  (IBEA)  assists  OMT  on  the 
technical  aspects  of  the  manufacturing  technology  program.  The  chart  on 
the  next  page  depicts  this  supporting  framework. 

Throughout  the  Program  Plan  reference  is  made  to  various  appro¬ 
priations.  These  appropriations  are  identified  in  the  Army  Management 
Structure  (AR  37-100-FY)  and  are  established  by  the  US  Congress  as  a 
standard  accounting  system.  Most  MMT  efforts  are  funded  through  the 
Procurement  Appropriations  which  include  (I)  Aircraft,  (2)  Missile, 

(3)  Weapons  and  Tracked  Combat  Vehicles,  (4)  Ammunition,  and  (5) 

Other.  A  few  projects  receive  funds  from  the  Operations  Maintenance, 

Army  (OMA)  appropriation.  Each  of  these  appropriations  have  an  unique 
code  identified  for  funding  MMT  efforts.  These  codes  along  with  the  pro¬ 
jected  funds  are  contained  in  the  Summary  section  on  page  3  of  this 
document . 

Identification  of  manufacturing  problems  is  the  first  step  in 
developing  an  MMT  Program.  Problem  areas  are  conceptualized  and  com¬ 
piled  into  a- planning  document  (i.e.  POM  Support  Document).  As  the 
program  cycle  proceeds  the  concepts  are  refined,  project  proposals  are 
developed,  and  the  planning  document  Is  updated  (forming  the  Program 
Plan) .  A  diagram  depicting  this  programming  cycle  is  shown  on  page 
A-3.  To  fully  understand  the  entire  programming  cycle  one  must 
realize  that  DOD  budgets  funds  based  upon  a  Fiscal  Year.  The  FY 
starts  on  1  October  and  ends  the  last  day  of  the  following  September. 

For  example,  on  1  October  1980,  the  Army  will  begin  the  first  quarter 
of  FY81. 
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Calendar  Year  Activities 
MMT  Planning/Budgeting/K^view  Cycle 

YEARLY  ACTIVITIES 


POM  Support  Document  (FY82-86) 

FY81  Apportionment  Submission/ 
Review 

FY82  Budget  Submission/Review 
Program  Plan  (FY80-84) 

MTAG  Annual  Conference 
FY81  MMT  Funds  Released 


This  chart  depicts  the  various  activities  and  stages  that  MMT  projects 
go  through.  Concepts  are  first  identified  in  the  five  year  plan  according 
to  the  projected  year  funding  is  expected.  Each  year  these  concepts  are 
reevaluated  and  move  forward  until  they  reach  the  budget  phase.  At  that 
time  the  concept  is  further  refined  and  a  project  prepared.  Industry 
has  the  opportunity  to  participate  during  the  annual  MTAG  conference. 

At  this  gathering  the  current  program,  the  latest  budget  project  and  the 
Program  Plan  are  discussed. 
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The  programming  cycle  shown  on  the  previous  page  starts  with  the 
POM  Support  Document.  This  document  is  a  long  range  planning  document 
that  consolidates  individual  submissions  from  the  Major  Subcommands  and 
makes  up  what  is  known  as  the  planned  program.  Because  long  range  Army 
budget  guidance  provides  "ceilings, "  potential  projects  must  be  prior¬ 
itized  which  results  in  some  being  excluded  or  slipped.  Inclusion  in 
the  Plan  does  not  guarantee  that  the  project  will  be  funded.  The  level 
of  funding  is  dependent  upon  what  Congress  will  appropriate  each  year. 

As  projects  in  the  POM  Support  Document  approach  the  start  of  the 
funding  cycle  specific  objectives  and  work  scopes  are  developed.  These 
projects  are  documented  in  what  is  known  as  a  P-16.  A  P-16  is  simply 
the  format  that  is  utilized  to  document  data  elements  such  as  estimated 
cost,  economics,  and  description  of  work.  (The  P-16  format  is  described 
in  AR  700-90). 

The  budget  submission  represents  the  first  P-16  submitted  for 
inclusion  in  the  program.  This  submission  is  followed  about  nine  months 
later  by  the  more  definite  apportionment  submission.  Projects  are  then 
funded  when  the  new  fiscal  year  begins.  Although  this  is  the  normal 
planning  cycle,  a  project  can  enter  the  planning  cycle  at  any  point  in 
time.  Such  a  project  would  be  known  as  a  late  start  submission  and 
funding  is  usually  at  the  expense  of  another  project. 

Criteria  for  actually  funding  individual  projects  include  technical, 
operational,  and  economical  feasibility.  The  potential  for  technical 
success,  the  means  by  which  the  results  will  be  implemented,  the  poten¬ 
tial  payback  or  return  on  investment  and  the  interrelationships  that 
exist  between  factors  are  all  evaluated. 

For  a  more  comprehensive  understanding  of  the  MMT  program,  the 
following  list  of  documents  are  provided  for  reference: 

DOD  Instruction  4200.15,  Manufacturing  Technology  Program 

AR  700-90,  The  Army  Industrial  Preparedness  Program 

AR  37-100,  The  Army  Management  Structure 

AR  11-28,  Economic  Analysis  and  Program  Evaluation  for  Resources 
Management 
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ARMY  MMI  PROGRAM  REPRESENTATIVES 


HQ,  DARCOM 

US  Army  Materiel  Development  and  Readiness  Command 
ATTN !  DRCMT 

5001  Eisenhower  Avenue  G:  202  274-8284/8298 

Alexandria,  VA  22333  AV:  284-8284/82 98 


AVRADCOM 

US  Army  Aviation  R&D  Command 
ATTN;  DRDAV-EXT,  Mr.  Robert  Vollmer 

12th  &  Spruce  Streets  C:  314  263-1625 

St.  Louis,  MO  63166  AV:  693-1625 


CERCOM 

US  Army  Communications  &  Electronics  Materiel  Readiness  Command 

ATTN;  DRSEL-LE-R,  Mr.  Martin  Ides  C:  201  532-4950 

Port  MOnmouth,  NJ  07703  AV:  992-4950 


CORADCOM 

US  Army  Communications  R&D  Command 

ATTN:  DRDCO-PPA-TP,  Mr.  A1  Feddeler/Sam  Esposito/Burton  Resnic 


Building  2700 

Fort  Monmouth,  NJ  07703 

ERADCOM 

US  Army  Electronics  R&D  Command 
ATTN:  DELET-R,  Mr.  Joseph  Key 
Fort  Monmouth,  NJ  07703 

MICOM 

US  Army  Missile  Conmand 

ATTN:  DRSMI-ET,  Mr.  Ray  Farison 

Redstone  Arsenal,  AL  35809 


201  535-2418/4262/4026 
995-2418/4262/4026 


C:  201  544-4258 

AV:  995-4258 


C:  205  876-1835 

AV:  746-1835 


C: 

AV 


TARADCOM 

US  Army  Tank-Automotive  R&D  Command 

ATTN:  DRDTA-KP,  DRDTA-RCK,  Dr.  Jim  Chevalier  C:  313  573-2065/1814/2467 

Warren,  MI  48090  AV:  273-2065/1814/2467 


TARCOM 

US  Army  Tank-Automotive  Materiel  Readiness  Command 
ATTN:  DRSTA-EB,  Ms.  Vivian  Buarkhalter 
Warren,  MI  48090 


C:  313  573-2074/2545 

AV:  273-2074/2545 


ARRCOM 

US  Army  Armament  Materiel  Readiness  Command 
ATTN:  DRSARrlRB,  Mr.  August  Zahatko 
Rock  Island  Arsenal 
Rock  Island,  IL  61299 


C:  309  794-4485/3730 

AV:  793-4485/3730 


ARRADCOM 

US  Army  Armament  R&D  Command 

ATTN:  DRDAR-PML,  Mr.  Donald  J.  Fischer 

Dover,  NJ  07801 


C:  201  328-6714/6715 

AV:  880-6714/6715 
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TSARCOM 

US  Army  Troop  Support  and  Aviation  Materiel  Readiness  Command 


ATTN:  DRSTS-PLEP(2) ,  Mr.  Don  G.  Doll 

4300  Goodfellow  Blvd. 

C: 

314  263-3040 

St.  Louis,  MO  63120 

AV: 

693-3040 

MERADCOM 

US  Army  Mobility  Equipment  R&D  Command 

ATTN:  DRDME-UPE,  Mr.  R.  Goehner 

C: 

703  664-5530 

Fort  Belvoir,  VA  22060 

AV: 

354-5530 

NARADCOM 

US  Anay  Natick  R&D  Command 

ATTN:  DRDNA-EZM,  Mr.  Frank  Civilikas 

C: 

617  653-10C  ',  *2793/4 

Natick,  MA  01760 

AV: 

955-2349/2351 

TECOM 

US  Army  Test  &  Evaluation  Command 

ATTN:  DRSTE-AD-M,  Mr.  Grover  Shelton 

C: 

301  278-3677 

Aberdeen  Proving  Ground,  MD  21005 

AV: 

283-3677 

AMHRC 

US  Army  Materials  &  Mechanics  Research  Center 

ATTN:  DRXMR-PMT,  Mr.  Raymond  Farrow 

C: 

617  923-3523 

Watertown,  MA  02172 

AV: 

955-3523 

HDL 

Harry  Diamond  Laboratories 

ATTN:  DELHD-PP,  Mr.  Julius  Hoke 

2800  Powder  Mill  Road 

C: 

202  394-1551 

Adelphl,  MD  20783 

AV: 

290-1551 

Rock  Island  Arsenal 

ATTN:  SARRI-ENM,  Mr.  Joseph  DiBenedetto 

C: 

309  794-4627/4584 

Rock  Island,  IL  61299 

AV: 

793-4627/4584 

Watervliet  Arsenal 

ATTN:  SARWV-PPI,  Mr.  L.  A.  Jette 

C: 

518  266-5318 

Watervliet,  NY  12189 

AV: 

974-5318 

US  Army  Munitions  Production  Base  Modernization  Agency 
ATTN:  SABPM-PBM,  Mr.  Joseph  Taglairino 

C: 

201  328-6708 

Dover,  NJ  07801 

AV: 

880-6708 

AMRDL 

US  Army  Applied  Technology  Laboratory 

USARTL  (AVRADCOM) 

ATTN:  DAVDL- ATL-TAS ,  Mr.  L.  Thomas  Mazes 

C: 

804  878-5732 

Fort  Eustis,  VA  23604 

AV: 

927-5732 

DESCOM 

US  Army  Depot  System  Command 
ATTN:  DRSDS-PE,  Mr.  Jim  Sh India 
Chamber sburg,  FA  17201 


C:  717  263-6321 

AV:  242-6321 
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IBEA 

US  Army  Industrial  Base  Engineering  Activity 

ATTN:  DRXIB-MT,  Mr.  James  Carstens  C: 

Rock  Island,  IL  61299  AV: 

DCSRDA 

ATTN:  DAMA-CSM,  Mr.  Rod  Vawter 

Room  3C400,  The  Pentagon  C: 

Washington,  DC  20310  AV: 

DCSRDA  (PA  1497,  Aircraft) 

ATTN:  DAMA-WSA,  LTC  Jay  B.  Bisbey 

Room  3B454,  The  Pentagon  C: 

Washington,  DC  20310  AV: 

DCSRDA  (PA  2597,  Missiles) 

ATTN:  DAMA-WSM-A,  Mr.  John  Doyle 

Room  3B485,  The  Pentagon  C: 

Washington,  DC  20310  AV: 

DCSRDA  (PA  3297,  Weapons;  PA  3197,  Tracked  Combat  Vehicles) 
ATTN:  DAMA-WSW,  MAJ  Gordon  Winder 

Room  3D455,  The  Pentagon  C: 

Washington,  DC  20310  AV: 

DCSRDA  (PA  5297,  Communications/Electronics) 

ATTN:  DAMA-C SC-BU ,  COL  Higgins 

Room  3D440,  The  Pentagon  C: 

Washington,  DC  20310  AV: 

DCSRDA  (Other  Procurement  Activities: 

PA  5197,  Tactical  and  Support  Vehicles) 

ATTN:  DAMA-C SS-P,  LTC  L.  R.  Hawkins 

Room  3D416,  The  Pentagon  C: 

Washington,  DC  20310  AV: 

DCSRDA  (Other  Procurement  Activities: 

PA  5397,  Other  Support) 

ATTN:  DAMA-CSS-P,  LTC  P.  K.  Linscott 

Room  3D418,  The  Pentagon  C: 

Washington,  DC  20310  AV: 

DCSRDA  (PA  4950,  Ammunition) 

ATTN:  DAMA-C SM-D A,  COL  Jack  King 

Room  3C444,  The  Pentagon  C: 

Washington,  DC  20310  AV: 


DCSRDA  (PA  4950,  Ammunition) 

ATTN:  DAMA-C SM-P,  Mr.  John  Mytryshyn 
Room  3C444 ,  The  Pentagon 
Washington,  DC  20310 


309  794-5113 
793-5113 


202  695-0506/07/08 
225-0506/07/08 


202  695-1362 
225-1362 


202  695-8740 
224-8740 


202  697-0106 
227-0106 


202  695-1881 
225-1881 


202  694-8720 
224-8720 


202  694-8720 
224-8720 


202  694-4330 
224-4330 


SB 


C:  202  694-4330 

AV:  224-4330 


INDUSTRIAL  BASE  ENGINEERING  ACTIVITY  (IBEA) 

POINTS  OF  CONTACT 
FOR 

MANUFACTURING  METHODS  AND  TECHNOLOGY 

Telephone  Number* 

Mr.  James  Gallaugher ,  Director  -  (309)  794-5010 

Mr.  James  Cars tens,  Chief,  Manufacturing 

Technology  Division  -  (309)  794-5113 

Mr.  A1  Adi finger  -  (309)  794-6172 

Mr.  Ferrel  Anderson  -  (309)  794-5235 

Mr.  Ken  Bezaury  -  (309)  794-6586 

Mr.  Delmar  Brim  -  (309)  794-6586 

Ms.  Linda  Hancock  -  (309)  794-6172 

Mr.  Robert  Helletn -  (309)  794-6586 

Mr.  Wayne  Hierseman  -  (309)  794-5235 

Mr.  Andrew  Kource,  Jr.  -  (309)  794-5235 

Mr.  Peter  Martin  -  (309)  794-5235 

Mr.  Charles  Me Burney  -  (309)  794-6172 

Mr.  Steve  McGlone  -  (309)  794-6172 

Mr.  Gordon  Ney  -  (309)  794-6586 

Mr.  Alan  Peltz  -  (309)  794-6586 

Mr.  John  Petrone  -  (309)  794-6172 

Mr.  James  Sullivan  -  (309)  794-6172 

Mr.  Hal  Weidner  -  (309)  794-6172 

Mr.  James  Weintraut  -  (309)  794-5235 

Mr.  Steve  Yedinak  -  (309)  794-6172 

Mr.  Ed  Zajakala  -  (309)  794-6586 

*AUT0V0N:  793-XXXX 
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DISTRIBUTION: 


Defense  Technical  Information  Center: 

Document  Processing  Division,  Attn:  DDC-DDA-2,  Mr.  Richard  Matthews  (12  cys) 

Department  of  Defense: 

DIRSO,  Attn:  Mr.  Charles  Downer  (3  cys) 

OUSD  (R&D),  The  Pentagon,  Attn:  Dr. Lloyd  L.  Lehn  (10  cys) 


Department  of  the  Army: 
HQDA,  OASARDA, 

HQDA,  ODCSRDA, 

DCSRDA,  Attn: 

DCSRDA,  Attn: 

DCSRDA,  Attn: 

DCSRDA,  Attn: 

DCSRDA,  Attn: 

DCSRDA,  Attn: 

DCSRDA,  Attn: 


The  Pentagon,  Attn:  Mr.  Eugene  S.  Davidson 

The  Pentagon,  Attn:  DAMA-PPM-P,  Mr.  Rod  Vawter 

DAMA-WSA ,  LTC  Jay  B.  Bisbey 

DAMA-WSM-A,  Mr.  John  Doyle 

DAMA-WSW,  MAJ  Gordon  Winder 

DAMA-CSC-BU,  COL  Higgins 

DAMA-CSS-P,  LTC  L.  R.  Hawkins,  LTC  P.  K.  Linscott 
DAMA-CSM-P,  Mr.  John  Mytryshyn 
DAMA-CSM-DA,  COL  Jack  King 


HQ  DARCOM: 


Cdr, 

DARCOM, 

Attn: 

DRCCG 

Cdr, 

DARCOM, 

Attn: 

DRCDMD 

Cdr, 

DARCOM, 

Attn: 

DRCDMR 

Cdr, 

DARCOM, 

Attn: 

DRCPP 

Cdr, 

DARCOM, 

Attn: 

DRCPP-I  (3  cys) 

Cdr, 

DARCOM, 

Attn: 

DRCDE 

Cdr, 

DARCOM, 

Attn: 

DRCMT  (20  cys) 

Technical  Library, 

Attn:  DRXAM-L 

AVRADCOM: 

PM,  Advanced  Attack  Helicopter,  Attn:  DRCPM-AAH 
PM,  Blackhawk,  Attn:  DRCPM-BH 
Cdr,  Attn:  DRDAV 

Cdr,  Attn:  DRDAV- EXT,  Mr.  Robert  Vollmer 
Technical  Library,  St.  Louis,  MO 

Cdr,  AMRDL,  Attn:  SAVDL-EU-TAS,  Mr.  L.  Thomas  Mazza 
ARRADCOM: 

PM,  Cannon  Artillery  Weapons  Systems,  Attn:  DRCPM-CAWS 
PM,  Division  Air  Defense  (DIVAD)  Gun,  Attn:  DRCPM-ADG 
PM,  Nuclear  Munitions,  Attn:  DRCPM-NUG 
PM,  Selected  Ammunition,  Attn:  DRCPM-SA 
Cdr,  Attn:  DRDAR 

Cdr,  Attn:  DRDAR-PML,  Mr.  Donald  J.  Fischer  (7  cys) 

Cdr,  Benet  Wpns  Lab,  Attn:  DRDAR-LCB-S,  Mr.  Slawsky 
Chemical  Systems  Lab,  Technical  Library,  Attn:  DRDAR-CLY-T 
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DRXIB-MT 

DISTRIBUTION  (Cont’d): 


Aberdeen  Proving  Ground: 

PM,  Chemical  Demilitarization  &  Installation  Restoration,  Attn:  DRCPM-DR 
PM,  Smoke/Obscurants  (SMOKE),  Attn:  DRCPM-SMK 
Cdr,  Attn:  STEAP-MT-M,  Mr.  J.  L.  Sanders 

ARRCOM : 

PM,  M110E2  Weapon  System,  Attn:  DRSAR-HA 
Cdr,  Attn:  DRSAR-CG 

Cdr,  Attn:  DRSAR-IRB,  Mr.  August  Zahatko  (4  cys) 

Cdr,  Attn:  DRSAR-IRW,  Mr.  Arne  Madsen 
Cdr,  Attn:  DRSAR-LEP,  Mr.  R.  F.  Tumasonis 
Technical  Library,  Attn:  DRSAR-LEP-L 

AMMRC; 

Dir,  Attn:  DRXMR-PMT,  Mr.  Raymond  Farrow 
Dir,  Attn:  DRXMR-EO,  Dr.  Morton  Kliman 
Dir,  Attn:  DRXMR,  DRXMR-M  (3  cys  ea) 

Technical  Library,  Watertown,  MA 

CERCOM: 

PM,  Signal  Intelligence/Electronic  Warfare  (SIGINT/EW),  Attn:  DRCPM-SIEW 
Cdr,  Attn:  DRSEL 

Cdr,  Attn:  DRSEL-LE-R,  Mr.  Martin  Ides 
CORADCOM: 

PM,  Army  Tactical  Communications  Systems  (ATACS),  Attn:  DRCPM-ATC 
PM,  Automatic  Test  Support  Systems,  Attn:  DRCPM-ATSS 
Cdr,  Attn:  DRDCO 

Cdr,  Attn:  DRDCO-PPA-TP ,  Messrs.  Feddeler,  Esposito,  Resnic  (1  cy  ea) 

RD&E  Technical  Documents  Ctr,  Ft.  Monmouth,  NJ 

DESCOM: 

Cdr,  Attn:  DRSDS 

Cdr,  Attn:  DRSDS-PE,  Mr.  Jim  Shindle 
ERADCOM: 

PM,  FIREFINDER,  Attn:  DRCPM-FF 

PM,  Remotely  Monitored  Battlefield  Sensor  Systems  (REMBASS),  Attn:  DRCPM-RBS 
PM,  Stand-off  Target  Acquisition  System,  Attn:  DRCPM-STA 
Cdr,  Attn:  DRDEL 

Cdr,  Attn:  DELET-R,  Messrs  Key,  Reich  (1  cy  ea) 

Cdr,  Attn:  DRDEL-ED,  Mr.  Harold  Garson 

MERADCOM: 

PM,  Mobile  Electric  Power,  Attn:  DRCPM-MEP  (Springfield,  VA) 

Cdr,  Attn:  DRDME 

Cdr,  Attn:  DRDME-UPE,  Mr.  R.  Goehner 
Technical  Library,  Ft.  Belvoir,  VA 
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MICOM: 

PM,  General  Support  Rocket  System,  Attn:  DRCPM-RS 
PM,  Ground  Laser  Designators,  Attn:  DRCPM-LD 
PM,  HAWK,  Attn:  DRCPM-HA 

PM,  Heliborne  Laser  Fire  and  Forget  (HELLFIRE)  Missile  System, 
Attn:  DRCPM-HE 

PM,  High  Energy  Laser  System,  Attn:  DRCPM-HEL 

PM,  PATRIOT,  Attn:  DRCPM-MD 

PM,  2.75  Rocket  System,  Attn:  DRCPM-RK 

PM,  STINGER,  Attn:  DRCPM-MP 

PM,  TOW-DRAGON,  Attn:  DRCPM-DT 

PM,  US  ROLAND,  Attn:  DRCPM-ROL 

PM,  VIPER,  Attn:  DRCPM-VI 

Cdr,  Attn:  DRSMI 

Cdr,  Attn:  DRDMI-ET,  Mr.  Ray  Farison 
Cdr,  Attn:  DRCMI-EAT,  Mr.  Austin 
Magazine  Room,  Attn:  RSIC 

NARADCOM: 

Cdr,  Attn:  DRDNA 

Cdr,  Attn:  DRDNA-EAM,  Mr.  Frank  Civilikas 
Technical  Library,  Attn:  DRXTM-TRL 

TARCOM: 

PM,  Heavy  Equipment  Transporter  (HET),  Attn:  DRCPM-HT 
Cdr,  Attn:  DRSTA 

Cdr,  Attn:  DRSTA-EB,  Ms  Vivian  Buarkhalter 
TECOM: 

Cdr,  Attn:  DRSTE 

Cdr,  Attn:  DRSTE-AD-M,  Mr.  Glover  Shelton 
Technical  Library,  Dugway,  UT 

Technical  Library,  White  Sands  Missile  Range,  Attn:  STEWS-PT-AL 
Technical  Library,  Yuma,  AZ 

TSARCOM: 

PM,  COBRA,  Attn:  DRCPM-CO 
Cdr,  Attn:  DRSTS 

Cdr,  Attn:  DRSTS-PLEP(2),  Mr.  Don  G.  Doll 
TARADCOM: 

PM,  Armored  Combat  Vehicle  Technology  (ACVT),  Attn:  DRCPM-CVT 

PM,  Fighting  Vehicle  Armament,  Attn:  DRCPM-FVA 

PM,  Fighting  Vehicle  Systems,  Attn:  DRCPM-FVS 

PM,  Improved  TOW  Vehicle,  Attn:  DRCPM-ITV 

PM,  XM-1  Tank  System,  Attn:  DRCPM-GCM 

Cdr,  Attn:  DRDTA 

Cdr,  Attn:  DRDTA-KP,  DRDTA-RCK,  Mr.  J.  Chevalier 
Technical  Library,  Warren,  MI 
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Arsenals: 

Cdr,  Pine  Bluff  Arsenal  (PBA),  Attn:  SARPB 
Cdr,  Rocky  Mountain  Arsenal  (RMA) ,  Attn:  SARRM-IS 
Cdr,  Rock  Island  Arsenal  (RIA) ,  Attn:  SARRI-CO 
Cdr,  RIA,  Attn:  SARRI-ENM,  Mr.  Joseph  DiBenedetto 
Cdr,  Watervliet  Arsenal  (WVA) ,  Attn:  SARWV 
Cdr,  WVA,  Attn:  SARWV-PPI,  Mr.  L.  A.  Jette 
Cdr,  Benet  Wpns  Tech  Library,  Watervliet,  NY 

Munitions  Production  Base  Modernization  Agency: 

Cdr,  MPBMA,  Attn:  SARPM-PBM-PB,  Mr.  Joseph  Taglairino  (6  cys) 

Army  Ammo  Plants: 

Cdr,  Crane  AAA,  Attn:  SARCN 
Cdr,  Hawthrone  AAP,  Attn:  SARHW 
Cdr,  Holston  AAP,  Attn:  SARHO 
Cdr,  Indiana  AAP,  Attn:  SARIN 
Cdr,  Iowa  AAP,  Attn:  SARIO 
Cdr,  Kansas  AAP,  Attn:  SARKA 
Cdr,  Lake  City  AAP,  Attn:  SARLC 
Cdr,  Lone  Star  AAP,  Attn:  SARLS 
Cdr,  Longhorn  AAP,  Attn:  SARLO 
Cdr,  Louisiana  AAP,  Attn:  SARLA 
Cdr,  McAlester  AAP,  Attn:  SARMC-FD 
Cdr,  Milan  AAP,  Attn:  SARMI 
Cdr,  Mississippi  AAP,  Attn:  SARMS 
Cdr,  Radford  AAP,  Attn:  SARRA 
Cdr,  Riverbank  AAP,  Attn:  SARRB 
Cdr,  Scranton  AAP,  Attn:  SARSC 

Depots: 

Cdr,  Anniston  Army  Depot,  Attn:  SDSAN-MD 
Cdr,  Corpus  Christi  Army  Depot,  Attn:  SDSCC-MPI 
Cdr,  Letterkenny  Army  Depot,  Attn:  SDSLE-MM 
Cdr,  New  Cumberland  Army  Depot,  Attn:  SDSNC-ME 
Cdr,  Red  River  Army  Depot,  Attn:  SDSRR-MO 
Cdr,  Sacramento  Army  Depot,  Attn:  SDSSA-MPE 
Cdr,  Seneca  Army  Depot,  Attn:  SDSSE-OP 
Cdr,  Sharpe  Army  Depot,  Attn:  SDSSH-R 
Cdr,  Sierra  Army  Depot,  Attn:  SDSSI-EM 
Cdr,  Tobyhanna  Army  Depot,  Attn:  SDSTO-M 
Technical  Library,  Tobyhanna,  PA 
Cdr,  Tooele  Array  Depot,  Attn:  SDSTE-MAN 
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Army  Organizations: 

Cdr,  Army  Logistics  Management  Ctr,  (ALMC),  Attn:  DRXMD 

Cdr,  Army  Research  Office  (ARO),  Attn:  DRXRO-AO 

Cdr,  Army  Ballistic  Research  Labs  (BRL),  Attn:  DRDAR-BL 

Cdr,  HDL,  Attn:  DELHD-PP,  Mr.  Julius  Hoke 

Cdr,  Ballistic  Research  Lab,  Attn:  DRXBR-TSB-S 

Cdr,  Foreign  Science  and  Technology  Ctr  (FSTC),  Attn:  DRXST-MT1, 

Mr.  James  Warns ley 

Dir,  Installations  and  Services  Activity  (I&SA),  Attn:  DRCIS 

Dir,  Army  Management  Engineering  Training  Acty  (AMETA),  Attn:  DRXOM-SE, 

Dr.  Shallman  (3  cys) 

Cdr,  Night  Vision  Labs  (VNL) ,  Attn:  DRSEL-NV-PA/IO 
US  Army  Research  Office,  Research  Triangle  Park,  NC 
Scientific  &  Technical  Information  Div. ,  Attn:  DRXMC-ITG-AL 
Plastics  Technical  Evaluation  Ctr.,  Attn:  Mr.  Harry  Pebly 

Navy  Organizations: 

Cdr,  NAVMAT,  Attn:  CPT  F.  B.  Hollick,  Code  064 
Cdr,  NAVSEA,  Attn:  T.  E.  Draschil,  Code  C-0354 
Cdr,  NAVAIR,  Attn:  D.  S.  Henderson,  Code  ESA-824 
Cdr,  NAVELEX,  Attn:  C.  A.  Rigdon,  Code  ELEX-504512 

Cdr,  Naval  Surface  Wpns  Ctr/White  Oak  Lab,  Attn:  Code  E345,  Mr.  Chas  McFann 
Cdr,  Naval  Surface  Wpns  Ctr/Dahlgren  Lab,  Attn:  Code  CM-51 
Cdr,  Naval  Weapons  Ctr,  Attn:  D.  M.  Bullat,  Code  36804 
Dir,  NMCIRD,  Bldg  75-2,  Naval  Base 

Air  Force: 

Cdr,  HQ,  USAF/RDXI,  The  Pentagon,  Attn:  MAJ  D.  Mackintosh 
Cdr,  AFSC/DLF,  Andrew  AFB 
Cdr,  AFSC/PPD,  Andrew  AFB 
Cdr,  AFML/LT,  WPAFB 

Cdr,  AFML/LTE,  /LTM,  /LTN,  WPAFB  (1  cy  ea) 

Cdr,  AFML/MX,  WPAFB 

Cdr,  San  Antonio  Air  Logistics  Ctr,  Kelly  AFB,  Attn:  E.  Boisvert,  MMEWA 
Professional  Societies: 

Electronic  Industrial  Association,  Attn:  Mr.  Jean  Caffiaux,  2001  I  St., 

N.W. ,  Washington,  DC  20006  (40  cys) 

Numerical  Control  Society,  Attn:  Mr.  Ronald  C.  Hunt,  Exec.  Dir.,  519-520 
Zenith  Dr.,  Glenview,  IL  60025  (3  cys) 

Aerospace  Industries  Association,  Attn:  Mr.  Robert  Worthen,  Col,  US  Army 
(Ret),  740  15th  Street,  N.W.  Suite  819,  Washington,  DC  20015  (5  cys) 

American  Defense  Preparedness  Association,  Attn:  Mr.  Rudolph  Rose,  Col, 

US  Army  (Ret),  740  15th  St.,  N.W.,  Suite  819,  Washington,  DC  20015  (5  cys) 
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Professional  Societies  (Cont*d): 

Society  of  Manufacturing  Engineers,  Attn:  Mr.  Bernard  Sallot,  One  SME 
Drive,  P.0.  Box  930,  Dearborn,  MI  48128  (5  cys) 

American  Institute  of  Industrial  Engineers,  Attn:  Mr.  Mikell  Groover, 
Packard  Lab  //19 ,  Lehigh  University,  Bethleham,  PA  18015  (1  cy) 

Forging  Industry  Association,  Attn:  Mr.  C.  G.  Scofield,  Room  1121, 

55  Public  Square,  Cleveland,  OH  44113  (35  cys) 

American  Society  for  Testing  and  Materials,  Attn:  Mr.  Samuel  F.  Etris, 
Special  Assistant,  1916  Race  Street,  Philadelphia,  PA  19103  (5  cys) 

Cast  Metal  Federation,  Attn:  Mr.  William  E.  Gephardt,  Chairman,  Govt. 

Supply  Committee,  4870  Packatd  Road,  Niagara  Falls,  NY  14304  (1  cy) 

Metcut  Research  Associates,  Inc,,  Attn:  Mr.  John  F.  Kahles,  3980  Rosslyn 
Drive,  Cincinnati,  OH  45209  (1  cy) 
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